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• 

Northern Region Laborato~ 

$~ 

Waste Analysis Report 
Chemical Waste Management - Riverdale 

Sample ld: 200066354 
Date Sampled: 12-MAY-93 
Date logged: 18-MA Y -93 
Waste Profile Number: AF2818 
Source: MRL 
Generator Name: HOOSIER SPLINE BROACH CORP 
Generator Location: KOKOMO,IN 
Waste Name: GRINDING SLUDGE 
Site Number: 

liil 002 





07/09/93 12:02 ~7~~ 841 2824 CHEM. WASTE MGT. --·--·--·-·· --·· .. __ 
Sample Ia: 20066635<1 Waste Profile No: AF281 8 

This Report Is intended fer llle use and benefit of Wufll Managqmsnt Md ita companies. No rspresentation eonceming significance of the rspo~ed data is made tc any other perGon or anoty. 

FINGERPRINT 

Odor Incidental 
Layering 
Pet Free Liquids 
l1: Color 
L 1 : Physical State 
L 1 : Gen DesCriPtion 
l1: H2o Solubifrty 
L 1: Relative Density 
l1: H2o Reactivity 
L 1: Temp Change 
Cyanide screen 
Suffide Screen 
Phenol Screen 
pH 
pH Meas. Method 
r:>H Method 
Oxidizer screen 
Flam. Potential 
Radiation Level 
Paint Fi~er 
Paint Filter Method 

. . -· .. 
----· ~ COMMENTS: 

No FINGERPRINT Comments 

WET CHEMISTRY 

Total Residue @ 1 05 C 
Ash Content, On Ignition 
Specific Gravity 
Reactive Cyanide 
Sulfides, As S2· Dissolved 
Load Bearing Capacity 
N.AL.P. 
Oil & Grease 
Tox (Eox) 

COMMENTS: 

Result 

NONE 
SINGLE PHASE 
0 
BLACK 
SOLID 
GRANULAR 
PARTIALLY SOLUBLE 
HEAVIER 
NONREACTIVE 
0 DEG F 
< 5 mgll CYANTESMO PAPER POSITIVE 
< 10 mg/1 
6.0 
PAPER 
1 0% SOLUTION 
NEGATIVE 
NEGATIVE 
AT BACKGROUND 
PASS 
ACTUAL 

Result 

81.9 percent n.s percent 
2.6 
<50 !lPm 
< 10 PPM 
0.08 TONS!FT2 
PASS 
0.<1 percent 
<200 ug/g 

No WET CHEMISTRY Comments 

SPECTROSCOPY Result 
Arsenic 18.9 ppm 

Page 2 of 5 

Reg Level (mg/1) 

141003 

Date 

05/19/93 
05/19/93 
05/19/93 
05/19/93 
05/19/93 
05119/93 
05/19193 
05/19193 
05/19/93 
05/19/93 
05/19/93 
05/19/93 
05119193 
05119/93 
05/19/93 
05/19193 
05/19/93 
05/19/93 
05/19/93 
05/19/93 
05/19/93 

Date 

05/28/93 
05/28/93 
05/27/93 
05/28/93 
05/25193 
08/01/93 
05/20/93 
05/28/93 
05/24193 

Date 

05125/93 





07!09/93 12:03 'a'708 841 2824:.._ __ CHEM. WASTE MGT. ~004 

sample lei: 200666354 Waste Profile No: AF2818 Lab llsystsntlllo: 4416145 

This Report is Intended tor the use and benefit ot Waste Management and It& companies. No Mpreaenlation concerning signifieanee of the reponed data " made to any oiher peraon or entity. 

SPECTROSCOPY Result Reg Level (mg/IJ (contlnuacl): 

Cadmium 9.70 ppm Chromium 11900 ppm Lead 14.8 ppm Nickel 593 ppm Selenium <0.68 ppm Sliver <0.36 ppm Barium 17.6 ppm Copper 397~m Mercury <0.02 ppm Zinc <1.28pm Arsenic • Tc~ <0.5 ppm 5 Cadmium - clp 0.02 ppm 1 Chromium • Tclp 27.8 ppm 5 Lead- Tclp 0.24 ppm 5 Nickel • Tclp 3.42ppm Sliver - T Clp <0.02 ppm 5 Zinc· Tclp <0.05 ppm S.E.T. Sample ld 200066409 Final Ph - Tel~ 4.8pH lnit Sample wt - clp 100gm Liq Phase WI • T~ O.OOgm Li~ Phase Temp - clp 0.00 centigrade So id Phase wt • Tclp O.OOgm Pet Solids Del • Tclp 100 percent Start Datemme • Tclp 5-19·93/4PM Particle Size - TciR <9.5 Sample Extract wt· Tclp 100gm Volume Extract - Tclp 2000m1 Liq Phase Recomb - Tclp NA Stop Datemme - Tclp 5·20·93/1 OAM Recipe Sample ld 200066409 Recipe No 1 
Penetrometer \24 Hours) 0.24 tons/ft2 Ph(10PctSin · 11.0 pH waste 100gm Water 23gm cement 25gm Chromium • Set 0.04 mg/1 !nit Sam~le Weight • Ar 2.065 gm Final Vo ume - Ar 50.0ml I nit Hg Wgt- As Reed 1.97gm Final Hl) Vol· As Reed 100 ml ExtractiOn Temp • Tclp 4 centigrade lnit Samftle Weight • As 1.995 ~m Final Vo ume • As 50.om 

COMMENTS: 

No SPECTROSCOPY Comments 

Page 3 of5 

Date 

05/20/93 
05/20/93 
05/26/93 
05/20/93 
06/03/93 
05/20/93 
05/20/93 
05/20/93 
05/26/93 
05/20/93 
05/26/93 
05/26/93 
05/26/93 
05126/93 
06/15/93 
05/26/93 
05/26/93 
05/19/93 
05/20/93 
05/20193 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/20/93 
05/26/93 
05/28/93 
05/28/93 
05/28/93 
05/26193 
05/28/93 
05/28/93 
05/28/93 
05/19/93 
05/19/93 
05/26/93 
05/26/93 
05/20/93 
05/19/93 
05/19/93 





07/09/93 12:03 CHEM. WASTE MGT. 141005 ·-- ·-- ·-- -- ---
Sample rc1: 200066354 Waste Profile No: AF2818 Lab A&ystant No: 4416145 

This Report Ia intsnded for 1!'1• use and bonefit of Wasts Managem~nt Qnd ils coml)anies. No rapresenta~on eoncaming Glgnificance of the raported data Is made to any other p""'an orontity. 

SOLID PCBS - liMIT Result PQL 
Total Arochlors is <Sppm 

COMMENTS: 

No SOLID PCBS- LIMIT Comments 

TCSEMI Result Reg level (mgll) PQL 
0-Cresol BQL 200 100 mg/1 M-Cresol + P-Cresol BQL 200 100 mg/1 1 ,4-Dichlorobenzene BQL 7.5 3.25 mQII 2,4-Dinitrotoluene BQL .13 .065 mQII Hexachlorobenzene BQL .13 .065 mgJI Hexachloro-1 ,3-Butadlene BOL .5 .25 mgtl Hexachloroethane BQL 3 1.5 mg/1 Nitrobenzene BQL 2 1 mQII Pentachlorophenol BQL 100 50 mQII Pyridine BQL 5 2.5 mQII 2,4,5· Trichloiophenol BQL 400 200 mg/1 2,4,6-Trtchlorophenol BQL 2 1 mQII 

COMMENTS: 

NITROBENZENE-OS BIASED LOW ON TWO SEPARATE EXTRACTIONS. 

TCVOA Result Reg level (rn gil) PQl 
Benzene BOL .5 .25 mg/1 Carbon Tetrachloride BOL .5 .25 mg/1 Chlorobenzene BQL 100 50 mgt I Chloroform BQL 6 3 mgtl 1 ,2-Dichloroethane BOL .5 .25 mg/1 1, 1-Dlchloroethylene BQL .7 .35 mg/1 Methyl Ethyl Ketone (Mek) BQL 200 100 mg/1 Tetrachloroethylene ' BQL .7 .35 mg/1 TrichloroelhJiene BQL .5 .25 mg/1 Vinyl Chlon e BOL .2 .1 mg/1 

COMMENTS: 

SAMPLE WAS SUBSAMPLED FOR ALL VOLATILE ORGANIC ANALYSIS. 

Page4ot 5 

Date 

05121/93 

Date 

05/27/93 
05/27!93 
05/27/93 
05/27/93 
05127/93 
05/27/93 
05/27/93 
05/27193 
05/27/93 
05/27/93 
05/27/93 
05/27/93 

Date 

05124/93 
05124/93 
05/24/93 
05124/93 
05/24/93 
05/24/93 
05/24/93 
05/24/93 
05/24/93 
05/24/93 





07/09/93 12:03 '5'708 841 2824 CHEM. WASTE MGT. ---== 

Sample ld: 200066354 Waste Profile No; AF2816 lab Asystant No: 4416145 

This Report Ia intended for lhe use and ben$1it of Waste Management and its companies. Na repn~aantalion conCIIJ!ling significance of !he reported data Ill made to any othar person or endty. 

CERTIFICATION: Except as e~plic:iUy note<:!, all analytical dam repolted above wore obtalne<:l under my direotton and supervision. For Chemical w .. te Management, Inc. campanloo, sample preparation and analytical methods and analytical equipment speoifiod or approved In the looility'o waste analysis plan were use<:! in conducting this analysis. This laboratory lullows a quality assurance con1101 program. 

Report Dato Jun 16, 1993 

Lab Manager 

TC Matrix Corrocted RooUits Attached 

F'age 5 of 5 

141006 





CHEM. WASTE MGT. 141007 
07/09/93 12:04 '6'708 841 2824 

----·-- --- ·--· ·--

MIDWEST REGION LABORATORY SPECTROSCOPY 
SampleiD:20006G354 

correction Values from sample ID: Matrix: solid 

TC MATRIX CORRECTED RESULTS 

1.)200066340 
2.)2000'66307 

TEST Correction Factors RESULT (PPM) --------- ---------------------- ------------Nickel 86,77 3.94 

66307 USED TO CORRECT CR 

Signature:~,~~~~--------------------
Date :_-"4b{-L.:/b~/1=C3;_ 

The above results are matrix spike recovery corrected results as specified in the June 29, 1990 TC Final rule. The uncorrected results are provided on a separate report. 





07/09/93 12:04 'a'708 841 2824 CHEM. WASTE MGT. 

MIDWEST REGION LABORATORY 
SPECTROSCOPY 

SampleiD:200066354 

Correction Values from Sample ID: 
Matrix: solid 

TEST 

Silver 
Cadmium 
Lead 
Zinc 
Arsenic 

TC MATRIX CORRECTED RESULTS 

Correction Factors 

90.25 
86.80 
97.95 
93.83 
98.98 

66307 USED TO CORRECT CR 

1. )200066340 
2. )200066307 

RESULT (PPM) 
------------

<0.02 
0.02 
0.25 

<0.05 
<0.51 

Signature:~~~~----------------------
Date :___.C:~/4~/...:.:13~--

The above results are matrix spike recovery corrected 
re~ults as specified in the June 29, 1990 TC Final rule. 
The uncorrected results are provided on a separate report. 

I4J 008 





07109/93 12:05 ~708 841 2824 C~ASTE MGT. 

NORTHERN REGION ANALYTICAL LABORATORY 
SEMIVOLATILE ORGANICS 

Technical Center Sample IO number: 
Correction values from Sample ID: 

200066354 

200066280 
Matrix: OTHER SOLID 

TCLP MATRIX CORRECTED RESULTS 
REGULATORY CORRECTED LIMITS MATRIX SPIKE PQL TEST (mq/1) % RECOVERY (mq/1) --------------------------- ---------- ---------- ----------1,4-Dichlorobenzene 7.5 66,97 3.25 2,4-Dinitrotoluene 0.13 68.93 0.065 2-Methylphenol 200 54.68 100 · 3 & 4-Methylphenol 200 63.90 100 Hexachlorobenzene 0.13 96.04 0.065 Hexachloro-1,3-Butadiene 0.5 69,72 0.25 Hexachloroethane 3 5!5.34 1.50 Nitrobenzene 2 40,95 1.00 Pentachlorophenol 100 48.53 !50.0 Pyridine 5 64.42 2.50 2,4,5-Trichlorophenol 400 67.80 200 2,4,6-Trichlorophenol 2 66.20 1.00 

141009 

CORRECTED 
RESULT 
(DI9'/l) 

---------< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 
< PQL 

Siqnature:~~~~~~~------------­
oate: .:)-,}7 --?> 

Reviewed:J/ ~~-------------------
Date: 4fn 





07/09/93 12:05 'l;t708 841 2824 CHEM. WASTE MGT. 

NORTHERN REGION LABORATORY 
•RIVERDALE­

VOLATILE ORGANICS 

Technical Center Sample ID Number: 200066354 

Correction Values from Sample ID Number: 200066354 

Matrix: OTHER SOLID 

l4l 010 

ZHE/TCLP VOLATILE ANALYSIS MATRIX CORRECTED RESULTS FOR "D" CODE COMPOUNDS 

REGULATORY 
LIMITS 

TEST (mg/Ll 
------------------------------ --------
Benzene 0.5 
Methylethyl Ketone 200 
carbon Tetrachloride 0~5 
Chlorobenzene 100 
Chloroform 6 
1,2-Dichloroethane 0.5 
1,1-Dichloroethene 0.7 
Tetrachloroethylene 0.7 
Trichloroethylene 0,5 
vinyl Chloride 0.2 

Signature: ______ ~{~~-,_ ____________ __ 

Date: qr~hJJ 

MATRIX CORRECTED CORRECTED 
SPIKE PQL RESULT 

% RECOVERY (mg/L) (m.q/L) 

---------- ---------- ---------96.00 0.250 < PQL 
128.00 100 < PQL 
109.00 0.250 < PQL 
112.00 50.0 < PQL 
103.00 3.00 < PQL 
110.00 0.250 < PQL 
110.00 0.350 < PQL 
112.00 0.350 < PQL 
83.00 0.250 < PQL 

115.00 0.100 < PQL 

Reviewed: ~Jd~------------------­
Da.te: d.J~ 

• 

The above results are matrix spike recovery corrected 
results as specified in the June 29, 1990 TC Final rule. 





Hoosi~Spline & Broach, Inc . 
.. :~aP~ .Box 538 
~· IN 46903-0538 

. -.~.. i'N: Mr. Gilbert 

sample 
description: 

analysis: 

procedure: 

biological & environmental controlloboratones, Inc. 
615 ~ont s1leel 1632 entefprloe pg~ 

toledo, ohio 43605 lwlnsburg, ohio 44087 (419) 693-5307 (216) 425-8200 

Hoosier Spline & Broach sludge sampling - grab - waste sludge - 7/20/92 
@ 11 a.m. (additional test to Lab No. 92T10189) 

TCLP Semivolatile Organic/Inorganic Extraction 

Federal Register, Volume 55, No. 126, Friday, June 29, 1990 

A composite sample of 100 grams was extracted in 2000 m1 Extraction 
Fluid I for 18 hours and filtered through a glass fiber filter as 
outlined in TCLP methodology as stated in Federal Register Vol. 55, No. 
126, Friday, June 29, 1990. The extract was then digested and analyzed 
as· outlined in US EPA "Test Methods for Evaluating Solid Wastes 
Physical/Chemical Methods, SW-846, Third Edition, November, 1986. 

cc: Waste Management of Central Indiana 
740 N. Ohio @~rn ~--==-=,, 
P.O. Box 446 
Kokomo, IN 46903-0446 

ATTN: So Lawrence 

l r\1, I sEP - 9 1992 

:u~L----· ..... 

~~~ r_~~[!.,~_mlrted as contlderltlal comrnunlcotloos. Auihorlzotkln tor dupllcollon In whole Of port Is reserved 





Spline & Broach, Inc. 
538 

:okcliiiO, IN 46903-0538 

.-..'l.'TN o Mr. Gilbert 

oiological & environmental control laboratories, Inc. 
615 ~ont street 1632 enterprise pa~ 

toledo, ohio 43605 twinsburg, ohio 44087 
(419,693-5307 (216) 425-a200 

sample 
description: Hoosier Spline & Broach sludge sampling - grab - waste sludge - 7/20/92 

@ 11 a.m. (additional test to Lab No. 92T10189) 

analysiso 

results• 

Chromium in the TCLP Extract by Method of Standard Additions as 
outlined in US EPA "Test. Methods for Evaluating Solid Wastes 
Physical/Chemical Methods", SW-846, Third Edition, November, 1986. 

Analvte Measured Concentration 

Chromium 5.0 mg/L 0.15 mg/L 

Per client's request, analysis was not performed with matrix spikes for 
bias corrections. 

cc: Waste Management of Central Indiana 
740 N. Ohio 
P.O. Box 446 
Kokomo, IN 46903-0446 

A'l.'TN: Bo Lawrence 





·- ,,....,...._ ·-- -~. r 
Hoosier Spline & Broach, Inc. 
P.O. Box 538 
Kokomo, IN 46903-0538 II \\\ \ JUL 2. 0 \992 

U'~IL---
) 

sample 
description: 

biological & environmental control laooraiortes. inc. 
615 ~ant street 1632 enterprise pa~ . toledo, ohio 43605 lv.insburg, ohio 44087 (419) 693-5307 (216) 425-8200 

Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00 

analysis: Semi-Volatile Organics in the TCLP Extract 

procedure: SW-846, Method 8270 

results: 

Compound 

a-Cresol 200 mg/L 

m & p-Cresol 200 mg/L 

2-4,Dinitrotoluene 0.13 mg/L 

~exachlorobenzene 0.13 mg/L 

Hexachloro-1,3-butadiene 0.5 mg/L 

Hexachloroethane 3.0 mg/L 

Nitrobenzene 2.0 mg/L 

Pentachlorophenol 100.0 mg/L 

Pyridine 5.0 mg/L 

2,4,5-Trichlorophenol 400.0 mg/L 

2,4,6-Trichlorophenol 2.0 mg/L 

Detected 
Value 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0800 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

< 0.0400 mg/L 

Matrix Spike 
% Recovery 

83.9 

68.0 

52.1 

72.1 

52.5 

46.2 

52.6 

84.3 

76.6 

84.6 

65.4 

Bias Corrected 
Result 

< 0.0477 mg/L 

< 0.0588 mg/L 

< 0.0768 mg/L 

< 0.0555 mg/L 

< 0.0762 mg/L 

< 0.0866 mg/L 

< 0.0760 mg/L 

< 0.0949 mg/L 

< 0.0522 mg/L 

< 0.0473 mg/L 

< 0.0612 mg/L 

SURROGATE RECOVERY: Compound % Recovery Acceptable Range 

2-Fluorophenol 80.2 21-100 
Phenol-d6 78.2 10-94 
Nitrobenzene-dS 61.2 35-114 
2-Fluorobiphenyl 64.6 43-116 
2,4,6-Tribromophenol 74.8 10-123 
p-Terphenyl-d14 52.1 33-141 
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• 

rioosier Spline & Broach, Inc. 
P.O. Box 538 
Kokomo, IN 46903-0538 

sample 
description: 

analysis: 

procedure: 

biological & environmental control laboratories, inc. 
6151ront street ~ ~32 er.tsrpr.sa pail<way 

toledo, ohio 43605 twinsburg. ohio 44087 
(419 1 693-5307 (216) 42!Hl200 

Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00 

TCLP-ZHE Extraction 

Federal Register, Volume 55, No. 126, Friday, June 29, 1990 

A compos! te sample of 20. 0 grams was extracted in 400 ml Extraction 
Fluid I for 18 hours in a zero headspace extractor and filtered through 
a glass fiber filter as outlined in TCLP methodology as stated in 
Federal Register Vol. 55, No: 126, Friday, June 29, 1990. The filtered 
extract was collected in a Tedlar bag and then analyzed by Method 8240 
as outlined in US EPA "Test Methods for Evaluating Solid Wastes 
Physical/Chemical Methods", SW-846, Third Edition, November, 1986. 

cc: Waste Management of Central Indiana 
740 N. Ohio 
P.O. Box 446 
Kokomo, IN 46903-0446 

ATTN: Bo Lawrence 





Hoosier Spline & Broach, Inc. 
P.O. Box 538 
Kokomo, IN 46903-0538 

biological & environmental control laboratories, Inc. 
615 ~ont street t 632 enterp;se pa~ 

toledo, ohio 43605 lwlnsburg, ohio 44087 
(419) 693-5307 (216) 425-8200 

sample 
description: Hoosier Spline & Broach- sludge - grab - 7/7/92 @ 10:00 

analysis: Volatile Organics in the TCLP-ZHE Extract 

procedure: SW-846, Method 8240 

results: 
Matrix Spike 

Compound Limit 

Benzene 0.5 mg/L 

Carbon Tetrachloride 0.5 mg/L 

Chlorobenzene 100 mg/L 

<::hloroform 6.0 mg/L 

1,4-Dichlorobenzene 7.5 mg/L 

1,2-Dichloroethane 0.5 mg/L 

1,1-Dichloroethylene 0.7 mg/L 

Methyl Ethyl Ketone 200.0 mg/L 

Tetrachloroethylene 0.7 mg/L 

Trichloroethylene 0.5 mg/L 

Vinyl Chloride 0.2 mg/L 

SUrroqa.te Recovery, 

Result 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.050 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

< 0.025 mg/L 

04-1,2-Dichloroethane 
dB-Toluene 
4-Bromofluorobenzene 

cc: Waste Management of Central Indiana 
740 N. Ohio 
P.O. Box 446 
Kokomo, IN 46903-0446 

ATTN, Bo Lawrence 

% Recovery 

99.2 

88.3 

86.8 

95.8 

66.1 

86.0 

108 

94.6 

67.7 

80.4 

113 

105% 
101% 
107% 

Bias Corrected 
Result 

< 0.025 mg/L 

< 0.028 mg/L 

< 0.029 mg/L 

< 0.026 mg/L 

< 0.038 mg/L 

< 0.029 mg/L 

< 0.025 mg/L 

< 0.053 mg/L 

< 0.037 mg/L 

< 0.031 mg/L 

< 0.025 mg/L 





Hoosier Spline & Broach, Inc. 
P.O. Box 538 
Kokomo, IN 46903-0538 

sample 
description: 

analysis: 

procedure: 

biological & environmental controllaboratortes. inc. 
615 ~ont street 1632 enterprise pari\'Ngy 

toledo, ohio 43605 rwinsburg. ohio 44087 
(419) 693-5307 (216) 425-8200 

Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00 

TCLP Semivolatile Organic/Inorganic Extraction 

Federal Register, Volume 55, No. 126, Friday, June 29, 1990 

A composite sample of 100 grams was extracted in 2000 ml Extraction 
Fluid I for 18 hours and filtered through a glass fiber filter as 
outlined in TCLP methodology as stated in Federal Register Vol. 55, No. 
126, Friday, June 29, 1990. The extract was then digested and analyzed 
as outlined in US EPA "Test Methods for Evaluating Solid Wastes 
Physical/Chemical Methods, SW-846, Third Edition, November, 1986. 

cc: Waste Management of Central Indiana 
740 N. Ohio 
P.O. Box 446 
Kokomo, IN 46903-0446 

ATTN: Bo Lawrence 





, Jffoosier Spline & Brl)llC 
P.O. Box 538 
Kokomo, IN 

biological & environmental control laboratories, Inc. 
615 ~c:.rol slrwl 1632 enterprise pa~ 

toledo, ohio 43605 twlnsbu'Ij, ohlo44087 (419) 693-5307 (216) 425-8200 

sample 
description: Hoosier Spline & Broach - sludge - grab - 7/7/92 @ 10:00 

results: Ang,llQ;e Method 

Flash Point SW-846, 

Paint Filter Test SW-846, 

PCBs SW-846, 

Reactive Cyanide SW-846, 

Reactive Sulfide SW-846, 

Total Phenols SW-846, 

% Solids 

PCB Surrogate Recovery: DCB 

cc: Waste Management of Central Indiana 
740 N. Ohio 
P.O. Box 446 
Kokomo, IN 46903-0446 

ATTN: Bo Lawrence 

Result 

1020 greater than 200°F 

9095 failed test 

8080 less than 0 • 05 mg/Kg 

7.3.3.2 less than 0.1 mg/Kg 

7.3.4.1 less than 4 mg/Kg 

9065 3.6 mg/Kg 

55.2% 

88.3% 





~~ine & Broach, Inc. 
P.O. Box 538 
Kokomo, IN 46903-0538 

biological & environmental control laboratories, Inc. 
615 ~ont str..,i 1632 enterprise pa~ 

toledo, ohio 43605 twinsburg, ohio 44087 
(419,693-5307 (216)425-8200 • 

sample 
description: Hoosier Spline & Broach - sludge - grab - 7/7/92 @ lOrOO 

analysis: Metals in the TCLP Extract by Method of Standard Additions as outlined 
in US EPA "Test Methods for Evaluating Solid Wastes Physical/Chemical 
Methods", SW-846, Third Edition, November, 1986. 

results: 
Measured 

Analvte Limit Concentration 

Arsenic 5.0 mg/L < 0.1 mg/L 

Barium 100.0 mg/L 0.86 mg/L 

Cadmium 1.0 mg/L < 0.05 mg/L 

Chromium 5.0 mg/L • 7.7 mg/L 

Lead 5.0 mg/L 0.099 mg/L 

Mercury 0.2 mg/L < 0.002 mg/L 

Selenium 1.0 mg/L < 0.1 mg/L 

Silver 5.0 mg/L < 0.05 mg/L 

• Exceeds allowable maximum. 

cc: Waste Management of Central Indiana 
740 N. Ohio 
P.O. Box 446 
Kokomo, IN 46903-0446 

ATTN, Bo Lawrence 

Matrix Spike Bias Corrected 
\ Recovery Result 

90.4 < 0.11 mg/L 

104 0.86 mg/L 

97.2 < 0.051 mg/L 

96.0 8.0 mg/L 

96.0 0.10 mg/L 

107 < 0.002 mg/L 

101 < 0.1 mg/L 

92.0 < 0.054 mg/L 









sa-tERRY LRBORRTORIES an c. , 1 o 1~ ! ,: ; i 

' : J i ~ l : ) 

MEtlthr~Rio'Nj1 l ENTAL 
L ·- TESTING SER..Y!.§)':S · 

Page 1 ,-SHERRY LABS-- REPORT Work Order l 92-07-370 
Received: 07/30/92 08/03/92 13:11:44 

REPORT HOOSIER SPLINE BROACH CORP 
TO P 0. BOX 538 

PREPARED Sherry Laboratories 
BY 2203 S Madison 

1401 TOUBY PEE 
KOKOMO. IN 46901 

ATTKN JEFFREY L. LARISON 

P 0 Box 2847 
Muncie. Indiana 413~7-0347 

ATTEN Environmental LaboratorL__ 
PHONE 13171 747-9088 

CERTIFIED BY 

CONTACT MON!QUE 
CLIENT HOOSiiR SPLN SAMPLES _1 

COMPANY HOOSJKR mm BROW\ CORP ----c:c---::---:--'tul""an_.D~!\illngl\.__--,~---~~:J.ll:."" 
FACILITY Vice President for Environmental Services 

SAMPLE IDENTIFICATION 
li BLANCHARD GRINDING SLUDGE 
02 0 D GRINDER SLUDGE 

TCLP RESULTS ARE MATRIX SPIKE CORRECTED AS APPROPRIATE 

TEST CODES and NAMES used on this •orkorder 
~ Chromium in TCLP extract 
~ Selenium in TCLP extract 
~ TCLP extraction and prep 





SI-IERRY LRBORRTORIES InC. ·.~··· ... v(• : .· ·.·. I 0 \992 · .•. , .· 
I 1\ \ , ' '" -

METAL i ~bGAL & ENVIRO~~~Jh AL 
TESTING S~RVICES 
~·--

LAB I.D. 921'l7370-01A DATE REPORTED: 08/l:l::l/::lZ 

SAMPLE DESCRIPTION BLANCHARD GRINDING SLUDGE 
DATE COLLECTED: 07/24/92 

DATE 
ANALYSIS ANALYST ANAISZED 

Chromium in TCLP extract FJR 08/03/92 

Selenium in TCLP extract FJR 08/03/92 

ANALYTICAL 
METHOD 

SW846-6010 

SWB46-6010 

Wen H. Pan Ph.I\ 
Quality Assurance Officer 

DETECTION 
LI!1IT Cppml 

1.0 ppm 

0.2 ppm 

RCRA 
LllilT 

5.0 ppm 

1.0ppm 

RESULT 
Cmg/1 l 

48.1 

<0.2 





'"' I 

- -<~ -~-. -

SI~ERR'w' LRBORRTORIES InC. , I 0 1992 

LAJ3 I.D. 9207370-02A DATE REPORTED: 08/03/92 

SAMPLE DESCRIPTION O.D. GRINDER SLUDGE 
DATE COLLECTED: 07/24/92 

DATE 
ANALYSIS ANALYST ANALYZED 

Chromium in TCLP extract FJR 08/03/92 

Selenium in TCLP extract FJR 08/03/92 

ANALYTICAL 
METHOD 

SW846-6010 

SW846-6010 

I . . . 

MET ALL~·TRG~AL &ENVIRONMENTAL 
c:.yESTING-SERVJeE-5-- J 

Wen H. 
Quality Assurance Officer· 

DETECTION 
LIMIT C PJ?m l 

0 .1 Pf!ll 

0.2 ppm 

RCRA 
LllilT 

5.0 Pflll 

1.0ppm 

RESULT 
(mg/l) 

3.2 

<0.2 





SL• 1':0~ aoi-2847-Mu"Ni:lf:.lrJoiANA ~7307·0847 
TELEPHONE 317-747-9088 I 800·874·356.1 FAX J17·747-G228 ORDER NO. 

~ -~ CHAIN 0 2-0?-37{) Of CUSTODY ~ECO~D 
( CLIENT: PROJ. NAME: IMAmllC f..~.,-a. ANALYSIS I,ARAMETERS J l~os.'.er-fl.'"e_ ~nch Corp J---~ SLUDGE 

pl:n<u Nn. ..... SAMPLERS: (slgnalure) ~ Or HER "" 
) WATER c.< ¢ !:! 

~ J .Q:' 
COLLECTED .: 

"' 
NO 

SAMPH: eeseRJPTIONs-
__.. SOIL v ~ 

[,PAlE: 
i1l ;:I _<;!_,_ 

OIL <I~ /f! ...... , u "' TAINERS '/ 
I%% J:3<> i ~I 

I rJ,e,;.D,_,.;j .{ft.!) jt: ~"'"'"' fJL.A·rtc..I.J>Il-.D SL v J <J;t p. ""- I 
-

~-~k I 3:.30 $ Z- 1/ ~'- j J 1?2. PP1 I 6,;:.;;..tJ/;..,~.5L"P9~ ~ t?. u. G,-z,,v lX'A.. 
'-...._____ 

----·--:-r-~--- --------------. ·~~-~- -

- .. 

-

~SVFX/Hcmd 
Sherry /Mail/Bus 

P.O. II: --v ....._,_ 

A ...... ~ell~~'i (signature) Date/Thle Jcelved by (slgncture) Date/Time All samples submitted lo Sheny lobs. lor anolysls are 
ITt'i'(/ . ~ fMj,J3:3o I accepted on a custodial basis only. OW'lershlp or the 

matedat remolns with the ellen! submiiHng the •""ll'les. 
Rellnqwsnea by (signature) Dale/Time RO:ved b{,aboraton -;/Date/Time 

Sherry lobo. wll return oil potentially hazardous mol e<lals 

I - f:, <.. ' '13~~zlt o.'2 tJ n 

to lhe client within fourteen (14) days alter •· ~ e<>mplellon '/'"v 7 ' ,~r / ol the anolyllcol requesls. 
{/ • 
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I 

QUALITY A S S U R A N C E REPORT 

Service location Received 

HERITAGE LABORATORIES, INC. 30-JUL-93 
7901 W. MORRIS ST. Complete 

INDIANAPOLIS, IN 46231 06-AUG-93 
(317)243-8305 

I 
Printed 

10-AUG-93 

Sampte Description 

DESCRIPTION: GRINDING SLUDGE/BLANCHARD GRINDER HAS BEEN DRIED­
DESCRIPTION: ORIGINALLY WET FROM COOLANT USED IN MACHINE. 

Notes 

< Less Than Lower Detection Limit 

Quality Assurance Officer: 

lab 10 

A284710 
PO Number 

VERBAL 
Sempled 

Last Page I 





C E R T I F I C A T E 0 f A N A l Y S l S 

I Service Location Received Project 
I 

Lab ID 
HERITAGE lABORATORIES, INC. 30-JUL-93 A284710 
7901 W. MORRIS ST. Complete PO Number 
INDIANAPOLIS, IN 46231 06-AUG-93 VERBAL I (317)243-8305 Printed Sampled 

09-AUG-93 

Report To Bi 11 To 

MARCIE HOROWITZ ACCOUNTS PAYABLE 
BARNES & THORNBURG BARNES & THORNBURG 
11 SOUTH MERIDIAN STREET 11 SOUTH MERIDIAN STREET 
1313 MERCHANTS BANK BUILDING 1313 MERCHANTS BANK BLDG 
INDIANAPOLIS, IN 46204 INDIANAPOLIS, IN 46204 

Sample Description 
DESCRIPTION: GRINDING SLUDGE/BLANCHARD GRINDER HAS BEEN DRIED-
DESCRIPTION: ORIGINALLY WET FROM COOLANT USED IN MACHINE. 

Page 1 (continued on next page) 





Sample Conments 
NA Not Applicable 

This Certificate shall not be reproduced, except in full, 
without the written approval of the lab. 

Additional copies of this report sent to: 
JACK CORPUZ, HERITAGE LABORATORIES, INC. 
7901 W. MORRIS STREET, INDIANAPOLIS, IN 46231-3301 

Page 2 (last page) 
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LATROBE STEEL COMPANY 
SUBSIDIARY OF THE TIMKEN COMPANY 

2626 UGONIER STREET • POST OFFICE BOX 31 
LATROBE, PENNSYLVANIA 15650-Q031 USA • 412·537-7711 

November 15, 1993 
Mr. Jeff Larison 
Hoosier Spline Broach Corporation 
P.O. Box 538 
Kokomo, .Indiana 46903-0536 

Dear Jeff, 

The table below presents the typical chemistries of all products Latrd·v· - has sold to Hoosier 
Spline Broach. As one of your high speed steel suppliers, it is " ooderstanding this list is 
complete as presented. If your records indicate any other purchases please feel free to contact 
me and I will provide you with the appropriate chemistry range(s). If I can be of any further 
assistance please feel free to contact me. 

Element >•-" r. ~_; :';:! -_~_>,_: :;·r ~::·; .·:·::. :.~-.... ~~-

(% by weight} (mmfmax) ; ;: .. rn 

AISI 
~ .c Q: Yi.. M.Q y Q2 

M2 .78/.88 3.75/4.50 5.50/6.75 4.50/5.50 1.75/2.20 .20/.80 

M3-l 1.00/1.10 3.75/4.50 5.00/6.75 4.75/6.50 2.25/2.75 .15/.45 

M4 1.25/1.40 3.75/4.75 5.25/6.50 4.25/5.50 3.75/4.50 .20/.40 

M42 1.05/1.15 3.50/4.25 1.15/1.85 9.00/10.00 .95/1.35 7.75/8.75 

T15 1.50/1.60 3.7515.00 11.75/13.00 1.00 max 4.50/5.25 4.75/5.25 

CES/del 

RX 23 





NOV 08 '93 10:32 HOOSIER BROACH 

Mr. Jvf! Larison 
Hoosi~r Splin~ Bro~eh Corp. 
P.o. Box 538 
Kokomo, Indiana 46~~3-0538 

p ; 

I w;mt to ccmf:l.rm to you that Griggs h;u• sold your comp;m:y Hi;h Speed Tool St~el, and only High Sprfd Tool Steel. for over twenty years. Our only product is High Speed Tool Steel. 

Below are the chemistries of all the High Speed Tool Steele thmt you could have bought from us. 
EU:l'!EN'I' no 

GRADE CARBON CHROME TUNGSTEN MOLY VANADIUI'l COBALT 
1'1-2 .80/.SS 3.60/4,35 5.90/6,60 4.65/5,3:5 l.. 6512. 10 0 

l'l-3 1. 1!111.1/1, 2!1.1 3.6514.35 5.90/6,60 5.65/6,35 2.3012.90 121 

l'l-4 1. 20/1,40 4.15/4.85 5.10/6,85 4.l.S/4,S5 3.65/4.35 0 

1'1-42 ,!\!S/1,15 3.4014 . .1.0 1, 201 .l. , S0 S.Sl0/10.10 '90/1. 60 7,G:'31S.35 

T•.!.5 1. 50/1,70 3.80/4,50 11. :5/13. 0 .90/1.20 4.70/5,30 4.80/5.30 

If WI!' can help ::i.n any WliiY lll!'t us know. 

B!lfliiPt re;ards, 

'{ 

RX 22 



,1ERITAGE REMEDIATIONIENGII\IEERII\IG, INC. 

P.O. Box 51020 
Indianapolis, IN 46251 
Phone: 3171243-7475 
FAX: 317/243-2046 

Marcie R. Horowitz 
Barnes & Thornburg 
1313 Merchants Bank Building 
11 South Meridian Street 
Indianapolis, Indiana 46204-3556 

VIA REGULAR MAIL 

December 21, 1993 

Re: Heritage Laboratories, Inc. Performance Studies 

Dear Ms. Horowitz: 

As we discussed during the seminar at lunch on December 17, 1993, I am enclosing the results of the recent blind sample performance testing for Heritage Laboratories, Inc. ("HLI"). The results indicate that HLI was the top rated laboratory participating in the study. 

The study submitted blind performance samples to approximately 150 laboratories (including nationally recognized laboratories) across the United States. HLI also participates in a similar program administered by the United States Environmental Protection Agency. HLI 
is consistently ranked high in this quarterly performance study. Additional, detailed 
information concerning operation or performance of the laboratory can be provided upon request. 

Please feel free to contact me at (317) 243-7475 if you have any questions, comments, or require further assistance. 

CGH!bjm 
Enclosure 

28001/CH934996.14 

Sincerely, u::RE EDIATION/ENGINEERING, INC. 

Craig G. Hogarth, CPG 
Senior Project Manager 

OJ '6.2 100% Recycled Paper 

RX 20 



INDIANA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 
We make Indiana a cleaner, healthier place to live 

EvanBayh 
Governor 

Kathy Prosser 
Commissioner 

Mr. Gilbert Larison 

JAN I 5 !(]'2. 

Hoosier Spline Broach Corporation 
1401 Touby Pike, P.O. Box 538 
Kokomo, IN 46903-0538 

Dear Mr. Larison: 

January 9, 1992 

105 South Meridian Street 
P.O. Box 6015 
Indianapolis, Indiana 46206-6015 
Telephone 317-232-8603 
Environmental Helpline 1-800-451-6027 

Re: Disposal of grinding sludge from 
Hoosier Spline Broach Corp., Kokomo, IN 

This letter acknowledges the request for disposal, dated November 7, 1991, 
from Hoosier Spline Broach Corporation. Permission was requested to dispose of 
grinding sludge. 

Approval is hereby denied for disposal of grinding sludge as Special Waste. 
This denial is based on the analysis of chromium submitted with the application, 
which shows the sludge to be a D007 characteristic hazardous waste according 
to 329 lAC 3-5-5. The upper confidence level (alpha = .20) for the chromium is in 
excess of the hazardous waste level. A copy of the worksheet has been enclosed. 

If you have any further questions, please contact Mr. Jim Hunt of the 
Compliance Monitoring Section at AC 317/232-4454. 

TLB 
Enclosure 

cc: Mr. James H. Hunt, OSHWM 

Sincerely, 

_)!~ 
George E. Oliver, Chief 
Special Projects Section 
Solid Waste Management Branch 
Solid and Hazardous Waste Management 

An Equal Opportunity Employer 
Printed un Recycled Paper 

ATTACHMENT A 





RCRA Statistical Analysis of Samples 
Chromium 

Sample 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Sum(L:)= 

Sample 
Result 

5.80 
i 0.00 
2.70 
2.80 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

21.30 

Number of Samples (n)=,_l --:4c:..o::.co:--' 
Degrees of Freedom(n-i )= 3.00 

Sum of Squares (S2)= 148.77 
Sum of Squares/n= 37.19 

Probability of error(t.20)= rl -.:::.1 '-=_6:..:3..:::8--, 

Documentation: To use this program, 
enter the sample results, leaving 0 
where there are no samples. Also 
enter the number of samples and 
probability or error. The rest will be 
calculated. R. Weiss 

Statistic 

Mean (X)= 

Variance (82)= 

Std Dev (s): 

Std Error(Sx) 

High Conf lnt= 
Low Conf lnt= 

5.33 

i 1.78 

3.43 

1.72 

8.14 
2.51 



I 

I 



APR-18-91 EU 11:35 BYERS RDF 

NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

Al'lAL YTICAl REPORT 

:.rr R Rich a Y'd 3enke 
BYERS RECYCLING & DI.SPOSl'.L 
3. R ji3 Bcx 3f:.5B 
L.agansport, In 46947 

Sample Description: WMA 0356:21 

04-11-91 

Sample No.: 36781 

P.O. NO.: 547576 

Page 1 

P. 02 

NET Midwest, ln::;. 
lndlanapo!is Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Da~a Taken: 04•01-91 1375 Date Received: 04-02-91 

p;;u;arneters Re§ylts Units 

TCLP - Chromium 10. mgjL 

These results have been adjusted to reflect spike recoveries. 

f( ovu._.._ .YJ~ 
Karen Groleau 
Project Manager 





~-i NATIONAL ~I =i ENVIRONMENTAL 
® TESTING, INC. 

ANALYTICAL REPORT 

Pat Russell 
BYERS RECYCLING & DISPOSAL 
R R #3 Box 365B 
Logansport, In 46947 

12-06-90 

Sample No.: 30267 

P.O. NO.: 547558 

Page 1 

sample Description: WMA035621 HOOSIER SPLINE BROACH 

NET Midwest. Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Date Taken: 10-17-90 Date Received: 10-24-90 

-

Parameters Results Units 

Solids, Total 93. % 
Water (Paint Filter) No Free Liquid 
Igni tabil i ty Will Not Ignite. Degree 
Reactive Sulfide <1. ugjg 
Reactive Cyanide <0.05 ugjg 

TCLP - Arsenic <0.4 mg/L 
TCLP - Barium 0.5 mg/L 
TCLP - Cadmium <0.02 mg/L 
TCLP - Chromium 5.8 mg/L 
TCLP - Copper 0.03 mg/L 
TCLP - Lead <0.1 mg/L 
TCLP - Mercury <0.002 mg/L 
TCLP - Nickel 3.2 mg/L 
TCLP - Selenium <1. mgjL 
TCLP - Silver <0.05 mgjL 
TCLP - Zinc 0. 28. mg/L 

TCLP - VOLATILES 
Benzene <10. ugjL 
carbon tetrachloride - <10. ugjL 
Chlorobenzene- <10. ugjL 
Chloroform <10. ].lg/L 
1,2-Dichloroethane <10. ugjL 
1,1-Dichloroethene <1.0. ugjL 
Tetrachloroethene <10. ug/L 
Trichloroethene <10. ugjL 
Vinyl chloride <100. ugjL 
Methyl ethyl ketone <100. ugjL 

These results have not been Gorrected for spike recoveries. 

Karen Groleau 
Project Manager 

c 





Pat Russell 

NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

ANALYTICAl REPORT 

12-06-90 
BYERS RECYCLING & DISPOSAL 
R R #3 Box 365B 
Logansport, In 46947 

Sample No.: 30267 

P.O. NO.: 547558 

Page 2 

Sample Description: WMA035621 HOOSIER SPLINE BROACH 

NET Midwest. Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Date Taken: 10-17-90 Date Received: 10-24-90 

Parameters 

TCLP - SVOA 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pyridine 
2,4,6-trichlorophenol 
Pentachlorophenol 
2,4,5-trichlorophenol 
Cresol 

PCB's 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 
SURROGATE RECOVERY 

Dibutylchlorendate 

Results Units 

<66. ugjL 
<66. ugjL 
<66. ug;L 
<66. ugjL 
<66. ugjL 
<66. ugjL 
<66. ugjL 
<66. ugjL 
<330. ugjL 
<66. ugjL 
<66. ugjL 

<0.1 ugjg 
<0.1 ug;g 
<0.1 ugjg 
<0.1 ugjg 
<0.1 ugjg 
<0.1 ugjg 
<0.1 ug;g 

80. % 

These results have not been corrected for spike recoveries. 

Karen Groleau 
Project Manager 





~ ~.......,.. ~- -,- - -l • 

TClP AND ZHE EXTRACTION RECORD PAGE Ho._i__ 

NET Saople No. 3o~foo 3od-<od- 3Dd.63 ~ 
Matrix 1\J/A $o\:<-\ N/A SoliJ fJ/t\ t..~ ~;J J\llA_~ 
ZHE 8 

SOLIDS DETERMINATION 

Wt. of saople !Al 2 ;l)? 
Wt. of empty beaker (8) 101 
Wt. of beaker • collected filtrate (Cl ac;'/ 
Total Solids % • 100 · (C·B/A x IDOl JSd 
EXTRACTION FLUID DETERNINATION 

pH 1 (5g smp • 96.5 ml 0.1., stir for 5 oin.l J,c.,o ?5.'1) ~.SCi 'l. $'() 
pH 2 (If pH I Is >5.0 add 3.5 al IN HCl, 

-s. tf I heat for 10 ain., cool) 1.1~ _S,C>l ~ 
' 

pH 3 (if pH 1 is <5.0, use extraction fluid Ill 

Extraction fluid to be used .1 d.. J ~ 
Wt. of original saaple prior to filtration 

~;).. '?"' 
Wt. of solids after filtration '?£.,. 
Addition of extraction fluid • 20 x Vt. of solid _'1_oD 
Oate/Time Started 

-10- J '1-?V :J.:otll 
1 o-~'1-'>o '". ?-q-fo II> ·).'/· '1 iJ 

;) :oo p,..._ ~:O<>fl"\ -~ :ootf"' 
Oate/Tfoe Coopleted I o-').~--.-,• 1<>· 25·1o /O·l)""to /0-~)-~<:; 

'i'!OO<- 'X' ()/)o- \( ~/?(), .l>:.QQ_o-

Final pH '-(gr;, _'-/.¥.5' lf.(,O i2-g'1 
filtrate Volume 

1"13 
, Extract Volume 

loo -
Analyst Signature ')2 , 1/V' <-1:;::,., l,g_ Date 1 O·j!S' -'itl Notes 3o~l.-"' s"·,v.. ......... 4~ 

j 
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Client Name: 

Project ID : 

NET La.b No.: 

Date 
Parameter Analyzed 

I I 

NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

INORGANIC QA/QC DATA 

!Method Blk. I Accurac;t 

I mg/L I SSR SR I sc I % Rec. 

I I I I I 

iTCLP-(!_r \ 11-1340 \ L{).Od 1

1 

/. oq \ o.58 \().50 \ /Obi. 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

Definition of Terms: 

SSR - Spiked Sample Result, mg/L 
SR · Sample Result, mg/l 
sc · Spike Concentration, mg/l 
MS - Matrix Spike 
MSD · Matrix Spike Duplicate 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

NET Midwest. Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis. IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Precision 
IMS/S-le I MSD/Dup. I RPD 
I I I 
I 

* 
I 

* 
I 

"* 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

Date: 8-3/-93 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 





••• 
NATIONAL 
ENVIRONMENTAL 

<"' TESTING, INC. 

INORGANIC QA/QC DATA 

NET Midwest. Inc 
Indianapolis Oivis1on 
6964 Hillsdale Court 
Indianapolis. IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Page 2 

client Name: 13ye:f2:5 Reeye_uJ.j6 '¥- Ot&p. 
Project ID : w!YlA O.!Js-~:LI t/oOSIE£ §:/u1Je OOfiM 
NET Lab No.: --=,3'--0'-'~::........o{p=-<-7-----------------

ccvs 1------'-"..!!=-------Parameter ! Found True I % Rec. 

I 1-----,--

\JUP-& \ *-
I 

* I 

* I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Definition of Terms: 

CCVS - Continuing Calibration Verification Standard 
LCS · laboratory Control Standard (Prep. Standard) 

LCS 

Found True 

~ *-

ICVS · Independent Calibration Verification Standard (External Standard) 

I revs 
% Rec. I Found I True 

I I 

*- \tJ. 4-~ l /).50 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OA/OC Data Reviewed By: --"&d""-=-.:::..::....:=::.._..:~=---t'f------------ Date: J'-,3/-93 

%Rec. 

1:< 
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01'3 "1~ (], o'53. a~ 1177c.£ " "--bZC? ~-~t-'1 -
I t::Jt,()_ • . c71 "'15 ~·o~bl- I .o'1 - - <1~7d C..v-.... B -
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;·iasta ~-magement Di Centr=.l !ndi3.J."'1a 

74J N. :)hio 
0. Box 446 

.. --kcmo, IN 46903-0446 

Riche.::-:! Benke ':iolcgicai 3: envircnrnentci centro I laboratories. inc. 

9117191 

6i 5 frcnr_ :-;reer ! 632 enterprise par'.<WCV 
:c~.,;.do. ~n:·:: 43605 "Hlnsburg, cr,io J.J.C87 

91Tl1130 
(JN) 09:::-5307 (2~6) :125-8200 

1 CC!TlfOSi te E21Tiple Gf 1;,, _ 
-:'2.1.l::.d I :cr :!.3 hours 2 

cu-cli.:-~ed ln TCLP me~hodol~ 
l26, F::-l·:.c..:;-, June 29, 199( 
~s :ut~ined 1~ JS EPA 
?hysicz.2., Chemical ~-fe-r.hcds 

tee:~: 

No. 126' 

~r3IIls 'r7as =ooo 3xt.racticn 
filtered :.~1r::ugh a ·;l=.ss fi:Cer filter as 

'as stated in ?ederal Regis<:.er ~!ol. 55~ No. 
T~e .;:;::~::act ;·/as then digesr.ed ?.nd 3..J.lalyzed 

st. Methods t~: Evaluacing Soli~ Was<:.es 
3Yi-246, Th.:.::d .6diticn, Nove:nber, l'=-2S. 





·,.I3ste He.nagemen"C. of Cen1:.r=.l Indiana 
740 N. Ohio 
P.O. Box 446 

kcmo, :CN 46903-0446 

~:.ch2rd 3enke b!ological & environmental centro! lcboratcries, inc. :ab nc. 

:32lllpl~ 

~lalysis: 

results: 

.~.J.1a l ·1te 

Chr::mil!m 

~::::e ccrcietea: 

9/18/91 

·)·i 5 ::-om srreet ~ 632 enterprise ::;arkway 
'cleao. C)h:o .:13605 I'Nmsburc, onio .i.i087 

(.:1~9) 693-5307 (2~6f 425-3200 

01'11111 30 

~ccsier Spline 3r8ach 
,~rab - 9/"ll/91 @ l: 20 

Prc-1ect :; rNJ{_il._ 0.35 - ;:ile in back of building -

Chr.:)mium in the ·:'C:..P S:c:=a-:t ty Hethod 'Ji Standard .J.ddi t:..Jns .::s 
cGtliil2d in US ~PA ''Test Methods fer E,ralua~ing Solid ~as~es 
?jyslc3.l:C::emical ~-!e-c.hcds", ~:'1'-246, Third :::diticn, November, 1986. 

S.O :ng/L 

, 'ect'l: 

DW/MJK 

~!easurec 

Ccncentra ~- _n 

2.4 mg/L 

Matrlx Spike 
% B.ec~i..··e_r.l 

90.0 

2i3.s Corr:cted 
Result. 

2. 7 !Ilg/L 





1:faste Management, of Central Indi3J.'1.a 
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P.O. Box 446 
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REVISED REPORT 

Hoosier Splene Broach - pile in back of sho9 - qr:-3.b - 9/24/91 @ ~0 -:> .. :n. 

Chromiu3 in the ~~LP S~~~ac~ ~y !1e~hod 0~ S~andard Add~~icns ~s 

:: u ':. .:_ i r: e d in US 3 P A ., ~ ~ s t 11 e t l:. o:! s :: ·J :: ::: '1 a l ·._1 :?. ;: ln.·.; So l i. d ~·T 2 s t e s 
?~jS ::.·:-3l:''::i--=:Tli<::.3.l ;·-iethoC·s" , s·~~T- ·~ 46, ~h:i.::d 3di -;::i_o:l. :TcV"::::-J:er, ~- _: 36. 

r-!easu~:::d 

Concent..:::-3.ti,Jn 

~.8 :nq/L 

~-f3.tri:.: Spike 
% Re•~over~.~ 

104 

Resa:t. 

2.'3 mg/~ 

~h::.s report ~-7as re 1Jised tc correct. t.fJ.e analyte :-equested by c~icnt. 

The res12lts iVere affected by this r2vision. 
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TCLP AND ZHE EXTRACTION RECORD PAGE NO._i_ 

NET Sa1p 1 e No. 
3o~Coo 30 ii_(o(). 3_6~1~1 <,o:J.ra-( 

natrix 
fll/11 $o{; J NIA ~LJ Nlf\ ~~~ ... :J AJUU.nLtL 

ZHE I 

SOLIDS DETERftlNAT!ON 

Wt. of saople (A) 2 ). <ii' 
Wt. of eapty beaker (8) 

101 
Wt. of beaker + collected filtrate (C) 

d. cr'l 
Total Solids % • 100 • CC·B/A x 100) 

/5t '-/ 
EXTRACTION FLUID DETERftiNAT!ON 

pH 1 CSg sop + 96.5 •L D.l •• stir for 5 ain.) l.~oo <if,"{) '8'. 5'i 'l. 5(2_ 
pH 2 Clf pH 1 Is >5.0 add 3.5 al IN HCL, 

heat for 10 ain., cool) 
l."'"'l~ 'S·'f I 5.0\ s .S:), 

pH 3 <If pH 1 is <5.0, use extraction fluid Ill 

Extraction fluid to be used 1. d. d ~ 
Wt. of original saople prior to filtration 

J. ;). <? "' 
Wt. of solids after filtration 

'?£ .. 
Addition of extraction fluid • 20 x Wt. of solid ""loo 
Date/Tiae Started 

10- ':!. '1-'J) d.:orl: 
1 o·:>'l-.,o /t>·~~-fD I o ·).o(·'ri! 

:). <oo f',..__ ~:oofM. __£:~ Date/Tine Coopleted I <>·_,)-."'f6 10- 25-"io fO·zNo (0-'lS'•'t;) 
\' !COCoo- _'X'/Y)t>- \(.'Of'><. f!'ooo.. I Final pH 'f.8fo L.j .<iS" 'ifoO -",g'1 Filtrate Voluae 

I". 3 
Extract Volume 

loo -Analyst Signature }?. . If::. <...'l;::::.o 's Date I D·?S'·'?uNotes 30.:l.\,."\ $~-,"-.,. "'-"-~~ 
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pH 2 Clf pH l fs >5.0 add 3.5 al IN HCL, 
heat for 10 ain., cool) 

pH 3 Clf pH 1 is <5.0, use extraction fluid 11) 
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Wt. of original saople prfor to filtration 

Wt. of solids after filtration 
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';).· "" ~- -.·.onP"" :::.. •. oOI> ""'- _;:tlo1>f,... 

Date/Tioe Coopleted 1 I· 1- 'i v I I • I· '!0 1/·f·'i'O 11·1·'1• 
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NATIONAL 
ENVIRONMENTAL 

®TESTING, INC. 

NET Midwest, Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 

December 08, 1991 

Mr. Dick Benke 
WASTE MANAGEMENT OF CENTRAL INDIANA 
P.O. Box 446 
Kokomo, IN 46903-0446 

Tel: (317) 842-4261 
Fax: (317) 842-4286 

/cc: Tracy Barnes 
IDEM 

Re: Quality Control information for TCLP Chrome analysis of 
samples 30267 and 36781 (WMA 035621). 

Mr. Benke: 

c:-~ 

·D-. 

Enclosed please find all pertinent documentation for the above 
named samples, including a QA/QC data summary for the analysis of 
sample 36781. 

Upon review of the data, I have made the following observations: 

- Although parts of the same waste stream, the two samples were 
submitted five months apart and were the result of two separate 
sampling events. 

- TCLP prep data shows that the same extraction fluid was used 
for both samples but the final pH differed significantly. The 
lower final pH yield a higher TCLP Chrome result. It has be­
come apparent in the past that the pH determination portion of 
the TCLP extraction is critical to the end result. 

- The raw data for the analysis of sample 30267 shows evidence 
that the instrument may not have been optimized due to low 
absorbances for calibration standards. 

- The raw data for the analysis of sample 36781 reveals good 
optimization of the instrument, good linearity of the stan­
dard curve, and the proper number and frequency of quality 
control indicators within control limits. The MS and MSD on 
sample 36781 was over the range of the standard curve run 
on that day, although the operations manual for the instru­
ment shows that under the operating conditions used for the 
chromium analysis the linear range reaches 3.0 mgjL. See the 
attached documentation. 





'NET NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

NET Midwest, Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 

Tel: (317) 842-4261 
Fax: (317) 842-4286 

Page 2 

- The reported chrome concentration for sample 36781 was 10. 
mgjL and it was stated on the report that this result had 
been bias corrected for spike recovery. In fact, the result 
had not been bias corrected, and the corrected concentration 
was 14. mgjL based on spike recovery for chrome of 70%. 

Although 
data, I 
and that 

there prove to be some minor inconsistencies in the 
believe the analysis performed on sample 36781 is valid 
this waste is in excess of 5.0 mgjL of TCLP Chromium. 

If you need any other information or have any questions, please 
contact me at any time. 

/k£~ 
Beth Day 
Quality Assurance Coordinator 





ElerD:"Ilt b'i h_::: {;1\.FEL 
llcite: ll/13/90 
I.t.at.:~ File: 

Element: Cr 
Titre: 11: 44 
llJ;Wt, i:<'ile: TCLP. liM 

T.--..:::hnlque: Fl.::trrT~ Godib. 'l'ypc-:: Linear 
h'"::rn.::tl'k 1: N11."J' Midw~st, Indianar•~;t i._,o; lJivision 
!\•'lii~Gt..t·k :-:. Perki.u Eln~r M :.nuu 
.8_em:.--J.rk J: El-'A M·.:: LLvd U21 B. 1 

Cr lD: Blarili Seq. N<:,.: UD109 A;::;. Po)S . : 

Abs•.:.rba.nce: -0 30t. Time: 11:44 

Absorban..._:e: -Li. 30t3 Tirre: 11:14 

Mc~an Absorb,_"U)ce: U.JOt3 SD: U.OOU4 

Autc:.--:::;er•::J It:':.cfonr"-"'d. 

WaveJengt,h: 15'!.8 
~lit: U.'/ 
L:::lffip WtT•.-nt: :_:~, 

El,t::l'l.lY: 6~ 

l)q t,.:;: 11/13/90 

RS1J(?1,) U_J:... 

l.:t• II" Blank Seq. No.: U017U A/:·:, I'os _ · U Llcltr· 11;1:!/:~IJ 

At!2.ort-J311ce·. U_(,lJU Time: 11 :'lt.• 

AL~orbctHce: U.UUU Tirr.J:.": ll=4b 

t·i·">J.IJ Absul•b,':iJ.lCe: O.OOU ;=-ll: O.UOU.l 

Auto-zero p-:::rluntJed. 

;"t• lll: SL.:.411Jard Seq. No.: UUl"fJ A/S .Pos.: 

Absuri .. 'tll~c: 0. 008 

Absc;rbance: U. 008 

Me:::-m Absorban•~e: U.OOU 

Sr.ar.dctrd tlllmber 1 applied. [U.25(J] 
c,·,n···l ':! U C•ll ,~...__ .. -. fficiPPt: l . UOOOO 

Ti11e: ll: 4ti 

Time::: 11: 4G 

SD: tJ.rJUfJ2 

Slope: C:.1UJJ 

H;-;v ( '~~) : w~-:w . 1 :J 

Dnt~: ll; LJ/80 

R~.li(".;,J: I ~ ] 





Alx;url~.-11 ,.~-'-= IJ_l_il(', 

t.:unc•::nt.ra (rr:g/L ) ' U.1'{lJ 

Al>~orbaJ:n.::e: 0. IJl~-, 
Wncet1tre::ttion t~/1 ) ' 0.463 

Mean Cone (mg/L )o 0. 466 

St:.ando.rtl number 2 appli~d. [0.500] 
Correlation coefficient: 0.98594 

----------------~--

·r lrr-,-: ll : ;j'{ 

Tiu12: ll: ·f7 

SD: U.OOt:,u 

Slvt-:e: U.OJlJ 

Cr ID: Sta .. wJ.:u·d 3 Seq. No.: 00173 A/:-:., 1-'<)s . : 3 

AbSOl"ba..iK:•.':: U.033 
C<.:.>ncentration (rr!f-':/L )o 1. 048 

Absorbance: U.IJJ2 
c ... _,ncentrat.i.un (rng/L )o l.IJCJ3 

Mo:::~1r 1 r_:._,nc ( rrJg/L ) : 1. 040 

2-t.andard m.unber ;j applied. [1.000] 
G-·lT•_::lat.i··~m ~~oeffic.i.~;;:rJt: 0. 99894 

Tirre: 11:47 

Tiroe: 11: 4tl 

~~-D: 0.0110 

~.Lope: 0 U~l2~5 

Rill(~~): 1. UC'-

fJ.o__;k: J 1/l.J/81) 

{i;:,] )( ·,.~) : l . {Ji-_) 
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_______ ...----o 53 

.--'~------

L:ino::or 
Corr. Cot¥.: O.,,S~4 
Hops· o .VJB 

COI"ICO:rtt::t"<ltlon 1: DO 

Cr !Do Vlill. I!. S0/1. 00 Seq_. No.: 001?4 A/~· Pos.: 4 H'l.k. 11/13/80 

Absl>.rbance: l)_(llb 
t..:OrK:•.:!ntra.tion (rrg/1, ) : 0. 4f,6 

Ab.c;.,rt-Bn<:~: 0.01[-, 
t:<_.J, ... .,.nLratiuiJ (mg;L ) : U. 456 

M·~-:-u, 1_;.A1C ( n-~_:/T, 0.461 

1 :r ; ~-~- l"'-J.'-lJJt<: s--o,q. Nc~> 

Time: 11 :1~-J 

TinJ'::: 11:4:.~ 

::.D: U. L•i':r~ 

r)l J 1 '(~. !>.-':-",I-' 

~ 
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n:·.l't'!;,): 1.;.,· 

~. l_l.'t 1- ll. 1 :·./~ill 
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Abs•.)rt.~.:.tnc.:::·. -U.UUti. 
C·~·IH..::enLrati·••t (lll/4/L J: -U.l13 

Tinlt'": 11 :::.OU 

Ab.sorban,_::e. -O.U04 Tlrrl<':!: 1.1:50 
Concentl\3.tiun (ug}L ): -0.119 

Mean Cunc ( mg/L ) : -0. 116 SD: 0. 004.3 

Aut.:.-zero perfo1·rred. 

Cr !Do WP988 TV 0.38 Seq. No.' 00176 A;:::l P•J:.; . : 0 

Ab!'Oorbance: 0 . 011 
Conce11tration (rr:g/L ) : 0.341 

Tirre: 11:50 

RSD('}~): :-\ 69 

Da lr:: lJ /13/UU 

~ 

?;1('b 
Absor~1nc~: 0.011 Time: 11:51 
O.)nc:entration ( rng/L } : 0. 336 

M8an C'_.onc ( mg/L ) : 0.339 SD: 0.0038 

C.:r llJ: Blank Seq. No.: 001'17 A/S f'os. : 

Absorbance: -o.oun 
G:..tttcentration { fT€/L ) : -0. 01U 

Tirr:e: 11: 51 

Abs,)rbance: -O.UUl Tirr~t0< u·.Sl 
Cunr.::efti'Xation (mg;L ) : -0.016 

Mean Cone ( rrlg/L I : -0.013 SDo 0.004L 

AuLo-zcn:_. perfomed. 

Seq. No.o 00178 A/SPos.o 8 

Time: ll:E<.: 

1:.c J D: 305'79 

\AL:sorbance: 0.004 
1,;. ll:•.'':c'll."Lrati~m (mg/L ) ' 0.112 

Ahsurbartce: 0.004 T.i.rr~: 11=5~2 
Cc•ttCel:lt.r~t.i~)n trrg/L )o O.lUl:J 

Me.:.ul. C . .:onc ( mg/L ) : 0.111 SD: O.OUH:i 

Cr lD: 579M::.i 0. b0/10. 0 Seq. No.: 00179 A/~~ Po.s. 9 

Absorbc..Jtc~: U.ULU Ti.rre: 11: t.~ 
C..mcentratic·n (mg/L )o O.olO 

m:.D(%): 1.12 

Date: 11/LV9U 

RSD("-~l: J~.68 

DaLe: 11/l.J/L~U 

R:;IJ(%): 4:1 

Dc,-v:-· 11/13/90 

l__.., 

Absorbance· IJ.020 Tirre: 11: S3 ( v--= ("\:::, 
C.=:.nc::enti\"1 t i ,_..,r.~ ( mgjl, )o 0.609 

M..;,an C·~·n·..: \ n114/L ) : 0.610 SD: U.UUlU l{:;·;lJ(%): II 1/ 

, ___ ~-. ~· ~~-------

l;l· IDe :30901 Seq. No. : 00180 A/:; f'os. : lU DatA:::: ll/U/9U 

Ah~·=·t·l..:.ut•.::~::-: O.Orl:; Tin•::: L 1: ~' ::. 
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Af,~;,,l·b:ouJ•..:e: ll.UU:~ 'i'ine: 11 . :..,:.:, 
1 A:liJc:d ~ r-r:::, t · (mg/L ): u.Obl 

Mean Cone:. ( tt:J,:!;/L } : O.Util SD: O.UOU3 Il~D(~~~: U.C~ 

Cr lLI: 3U~02 ~:;pK SeLJ. No.: OOWJ A;£, Pus.: 11 iJ::'Il~.~= ll/D/8U 

AbsoYbance: 0 .020 
CcncenLrat..iun (rr.g/L )' 0.613 

Ti~: 11 :!)4. /J:fyb 
Absorbance: 0. 02il 
Cr...mcentration (mg;L ): 0.010 

Mean Cone l, IQg/L ) : 0.614 

Tirre: 11:84 

SD: U. U025 

r;r llJ: 3104/: Seq. No. ' 00182 A/S Po.s. : 12 

Absc•rbance: ll.001 'l'irre: 11:5!::· 
G•.Jncentrati,.)ll (mg/L ,, 0. 04~. 

Absorbance: u .lJ(Jl Tirre: 11: bt\ 
Corn~entraliu11. ( mg/L !' 0.046 

Mean Cone ( rut•:/1 ) : 0.04[> SD: 0.0005 

C.r ID' 04211S 0.50/10.0 Seq. No.' 00183 A/SPos.' 13 

Tine: 11:5b 

RSD(%): 0.41 

Date: 11/13/9[) 

HSD(Jq: l.l5 

Date' 11/l:l/80 

Absorbance: 0.016 
Concentration (rrg/L ) : 0. 482 

Absor!..~<~nce: U. Ulti 
Concentro:tion \ mgjL ) : 0 .187 

Time< ll: b6 c:t «.Y~ 
Mean Cone ( mg;L ) : 

Cr lD: 29811:3 

Ab.sorbanr:.=,: 0. OU:.~ 
C(mCAll tra Li 0n ( ro;-->;/L 

""- Absorb3.llct::: 0. IJU2 
Cvncentl·ation ( mg;L 

Mea~. Cone ( mgjL ) : 

0.484 SD: U.UU35 

S,. No.• 001e1 A/S Pos.: 14 

Time: ll:b6 
) : 0. 054 

Tirr.e: 11:5G 
)c O.U55 

U. lH)4 SD: U.UOO'f 

C:l' LD: 81HMS O.~·(l/10.0 ~?.eq. No.: UUH:~5 A/S Pus . : HJ 

RSIJ('>)' u '71 

Llat.<": J 1/13/~JU 

lt.~l l( ~~) : l. 31 

Dale: 11/13/~U 

Ab:.J•~·rban,~e: U.Ul'f 
Concentration {mg/L ) : O.b3b 

Absorhance: U.Ul'/ 
G .. )ncent,r3.tic•n (rr~g/L j: O.!:.J7 

Time: 11 :b'l 

~~ Tirre: 11: b'f 

P•' 

', 
', 





C1· !Do ·a Seq. No.: 00186 Ah~P·;;_: 18 

"-._Absorbance: 0 001 
Concentration (mg/L )' 0.043 

TiflY~: 11:57 

Absorbance: 0. 001 Time: 11:58 
Concentration ( mg;L )0 0.043 

He an Con . .: ( mg/L ) : 0.043 SD: 0.0002 

Cr J!Jo 8lank Seq. No.: 00187 A/;:, l"c•s. : l'f 

Ab3orbance: -0. UOU 
Concentration {rr:g/L ): ~O.OlU 

Absorbance: -0.000 
GJnceutration (mg:/L J: -0.008 

Me:m, Cvnc (rrg/L )o ·0.010 

Auto- zero F€'rf·~·-nrr"':l. 

~~~ .. -~ ... 

Till)::: ll:::.e 

Time: 11:58 

SD: 0.0005 

(:r lD: VEl--i. U.bO/l.UU Seq. No.: OOWiJ A/S 1-'os.: lS 

Absorbance: (),0:20 Tirre: ll:~n 
Wnce11Lration (mg/L )o 0.604 

Ab~ort-.JCtlJ.ce: 0.019 Time: 11:59 
(J_;tJ<:::enb·atiVll ( rr.gjL )o 0.~99 

Mean Couc ( mg/L ) : 0. 60~~ SD: 0.0036 

Cr !Do Blank Seq. No.: 00189 A/2• Pos.: 1'3 

Absorbcmce= -u.ouu Tim::: 12:Uu 
Concent.rat-i.c,n (mg/L ) : -0.005 

Al>.::;urU.:-tJ-,L:e: -U. O(JO Tin~: 12: OU 
l:...~·n.._·t-:n Lratj_,,.n ( mgJL J : ~o. 000 

Mr-.cu-1 Cone l mg/L J : -U.UUL SD: 0.0030 

Aut.:,. -<:ere:. _pE:r fonred . 

--- ~-. --¥. ----.-- ----- ·-------·· ------------ _,. 
Cr lD: Hl9MS O.b0/10.0 Seq. Nc-.: UU190 AI~~ f\:_.s. : 20 

1• ••• 

llitt.B: 11/l~;;G 

HSDO·u): 0.41 

lJatt:: ~1/l.3/9U 

HSD(~:,): 4.GC 

]l:-tb-:::' ll/LJ/~0 

l~JD(%): U.5~1 

1J..od_.c: 11./1:3/<JU 

HSD(·:~;: 124.1'( 

Uate: 11/i:i;~:HJ 

Absorh.:UJ<:-e: 0.017 
C,_:;lK;enLration (nJg/L )o 

Time: 12:00 
ll.S22 

Time: 12:01 

~ 
4b{'> Absc>rb...'-li,,-_.e: U.Ul'f 

Cunc~n L r·a tiun ( rrw;/L )o 0.6:?.0 

M~an Con•.:: ( mg/f, ) : 0.521 SD: 0.0008 li:~D(\,): Cl.l'f 

.... 
~ ,, 





Cr lii: 2'JI;~~::_: Sey_ No.: UUl'.:!J AiC· ];,, .. Cl !_1:;1 ... - : l1 ji:_;/JI) 

Absorlx:u1<.:e · (). uu~ TinT~: leo U1 
""" CDHC"='ntrai (rrg/L l 0 0.049 

~(' Abso1·ba:uce: (). IJO~ Tirflt:!: 12:Ul 
c;, _ _,nc~ntrrtt i\.on 1 rng/L )o 0 \118 

M·~an Coo'.: (rog/L I o U.U49 ;::.u· U. UU(J'f HSD(%): 1 . ~)3 

~¥v-•-~·.-

Cr ID: n~::~MS U.E",rJ/10.() ~q. No.: !JUJ~--lL A/~-', Pos . : ~~~ Date: 11/13/~lj 

,, 

Ab~~(.,rb3.nce: 0 035 Tirr:r.o-: 1~:u:..: 
tA.mcentratiun (ng/L lo 1. UTJ 

~---AU.:;orbance: U.OJ5 Time: 12:02 

·' 
Cvncentratio:u (rog;L lo 1. 081 

Mear1 Cunc (mg/L I o 1.077 SD: 0. Out-A R.'.D(% I o rL 50 

"-.' ~-- ~- ¥~-'- ~~---- .. --~---"'. ------ ----~-- - ~--· 

~· Cr !Do JUl~U &-~q. No. : 00193 A;~:. Pos. : 23 Date: 11 /Ll/90 

' 1-. Absorbanc:e: lJ.OU2 Tine: 12 02 

" 
C··mc.,ntration tnw:/L lo 0.055 

~ 
Ab.s ... :orlxttt<.:e: U.002 TilT~:: 12:0J 

;-.• G-'lt<..:elttration (rr~g/L ): U.05t. 

M.-~a.n Cone (n,e-/L )o 0.0:,5 SD: o. oou~. K~IW£) : U :~r_: 

---------
i~t· IDo J99MS 0.50/10.0 Seq_. No.: 00194 A/S Pos.: 24 Date: ll/13/[lU 

Absorbance: ()_018 Tirre: 12: OJ 
G._)ncentration (IT\tUL ): O.h~/1 "L 

' 
' t:> \ 

(~ ~-Absorban.c:e: 0 O!B Tifl"lt2: 12:03 
G._·mcentration ( rrg/L ) 0 0. 557 

Mean G-:->Itc (mg/L )o (). t>57 ::;,[1: 0.11003 H~;pp~) : 0. DG 

~-----·. -----·-- ---~----- ~------··---- --·· ------- _______ ... 
Cr W: 30200 :;,~~'J. Nv.: 00185 A/'.:.; P•-:.>s . : ;~5 Da.t.P: 11/1:3/~iiJ 

< 
AbsorbancE-: (). uu~: Tiffi'.':: 12:1)4 

~ 1 ~•-·Il•_;entr-ati.on (mg/L I. 0. 04'3 

Absorbance: 0. (lil" Ti!"l")e: 12:04 
Concen tr.:.1 ti on ( rrg/L ) : (j_ 048 

M~d.n C.(_'n (JrJg/L I o 0.048 ;:,D: o.ooo:.1 8~",lJ('?~): l)_~,7 

-- ·-·--~·--

,;r !Do :..:uuMs u ~jfl/10.0 Seq. Nu. . ! 101~0 A/S k•s_: ~~6 [1.':1,1,£.~: 11/13/!JU 





\;O:,ll•.:0tltra.l:_,_,rl ,_n~g,tL ) ; I). 4_~.Jf 

Absorban<::e: O.UlD Tirf)=:: 1:.:::05 ((}~ 
Con<..:ell Lra :, t[QI--!;/L I: II. 492 

Mean Co11c ( mgjL ) : 0.495 S[l: 0. UO~-lb 

Cr llJ: BJ i'l.nk Seq. No.: 00187 A/:~. Pos . : 27 

Ah3orb.:mce: 0. OUU 
(~-.nce:ntratic•n ( rJ¥:;/L ) : 0. 013 

Absl>rbant~e: 0.001 

c;'-'ll•. ·entra th 't 1 · ( rrg/L l: u. rns 

M<"an C.)nC (rrg/L ) : 0. fl16 

Auto-:c:c~ro performed. 

Tirre: 12: Of1 

Til"ll'-0: 1:.::: !Jf:) 

c:D: D. OO:)G 

RSl'(':.l: 0.71 

Date: 11/J:J/~0 

HSD('Y~): 22..62 

"---o • -~·- . . - - .. --- ---- ----- ----- ----·-··- ._,__._ --- ···- ·--
(_:r llJ: VEI-1. 0.50/l.OU Seg. No.: 0()1(~8 A/S 1-'o::;. : ;;t; Liate: 11/U/90 

Absorbance: U. U21J TiriB: 12:m; 
G."ncAn tra ti, m t r!"l{5/ L 1: 0.616 

Ab:;:;urb.'"'-ll<..:e: I). !)~20 Ti Hit::~: 12:06 
r_;._.nc-~ntrati•JrJ (mg/L ) : () 622 

M~_:.an C..:> I J<:O C~/L I: 0.619 :3JJ: 0. OCJI!II RSIWO: 0.65 

---· --- _ _, ________ -. -- -----·-- •"•"".-. --- ---- ---- ------···-
CJ· ID: BJanl~ Seq- N<.:.'. : 00199 A/S [',_,:._; . : 2U Date: 11/1~_\/_l{l 

Ab:.orbance: 0. DUO T:irr...-~: 1::'."07 
Conc•:::nb'ation l!T.l!?:IL 1: 0.003 

Ah::;orbance: lJ. 000 Tirr.e: 12: ()'( 
G~.ncentration (mg/L ): U.DOb 

M·o-an Cone:: (mg/L 1: IJ.004 !~,D: 0. 001C m:.Dl%): 44.16 

All t.<) zero performed. 

---,----~-· --· ------~--

Cr l!J: ~J0201 Seq. Nc:•. : U02lHi A/f.· Pos . : J() Date: ll/1J;8U 

Ab::>orba.nce: O.UU~ Time: 1:.2:Ut'. 
CotJcentration (mg/L I·. 0.048 

~bsorb-.ul'-"''·": () (){)~ Til)"lf--:-: 12:08 
i~uncentrati·A~ l mg/L 1: I] l)f',4 

Mt;>..a.n G_,nr_c (n_g/L i: U.O!J2 SD: 0.00~--\J RSU(~~): 6.48 

""-- ·------ ·--'"----·- -----·. ·----~-··- .. ···--·· 
Cr Hl: ~~UlMS 11_~,0/lO.fl ~q. No.: D02U1 A/£• Pos. : 31 11-:o.t.e: ll/L3J;=m 

(l0 0- jC-;_../ 

. ---.. •. 

-~1'~ 





'-

1'1 ('~ 
AbS(•rbaJJce: O.Ul"l 
ConcP.ntratl..-,'1 {~/L ): 0.522 

Tiru~: 1::-~ ue 

Mean Cone , ,rg/L ) : (1. 522 sD: n.uuu5 

Cr lD: 30267 Seq. No. : uo:o.:u2 A/S Pos . : 3::: 
~~'C!ITJI-'1~ abs. is y,reat.E-..r than t,hat of the larg~st :.sl.andard. Absorbance: 0.17 J TinE: I?: 09 l:(•n·-·~uL.catiou (mg/L ): 5.304 

:::;.::o.mpl~ abs. is c:r~:3!1=r than ·that of the largest st.:J.ndB.rd. Al>.sorOOnce: U. 171 Ti~re: 12: 09 Concentration (mg/L ) : 5. 308 

Sample abs. j s greater 
M,:.an Cone ( n:g/L ) : 

than that of t,he largest st.andard. 
5 306 "').'l SDo 0.00~~9 

Cr ID: ?.67M~-; U.5U/10 U Seq. No. : 002D:l A/S Pos.: 33 
Sample abs. is g:reaLer than that of the lar~st standard. 

R::;,D{%): 0.10 

Dat.e: 11/l:J/90 

0>\\ il- i3 

~ '1.'6 

RSD(~~): 0.(1~> 

Dateo Il/U/80 

Absorbc:uwe: 0.181 TiiOC': 12:1U Concent,ration ( mg/L ) : 5. ::,g::, ~~ 
Srvople abs. is ~:re.~t.er than that of the large..r.;i. st.a.nda.t-d Ahsod.Wt·.::·~= U.llil Tine: 12:10 l.:..AIL't::n t-t·ation ( rr~/L ) : ::,. 602 

f2_ 

ID:J-..12> 
:.:.:'Imp] e abs. 1 s grecrtPr than t,hat of the largest standa.t"'d. MB."tf1Cnw: (mgjL ): 5_t.98 SD: IJ.OU4E\ RSD(%): 1.\.08 

Cr IDo 30144 SHt- No. : 00::.'.04 A/S Po.s. : :14 Datr: 11/13/91) 
Absorbance: u. on:~ Ti~: 12:Hl Conc0ntration (fl\!4/L )c 0.049 

Absorbance: O.UUJ TLrrB: 12:11 C•<nC'en t.ratiun ( rng/L )o ()_1)40 

M""<.HJ Cone {mg/L ) : IJ.04B SD: 0.0024 HSD(~b): 4.9~) 

Cr 1!1: 144ME· IJ.S0/10.0 SL-q. No.: Oll2.0~J A/:·:, f\..'S . : 3~) Date: 11/L',/911 

1' ifl.o--: 1?:] 1 
Af--.-;,<rb'Oit!ce: II. Ul~-l 
r \·,n,••;,~ ,T.t"tlt i •>n ( rn1,:;/L ): IJ. 5'16 

AlJ:; ·dBn':' ..... (.1 llt:.J Tirflf'-: 1:2:11 (D~(b 
':._,n•.:,...ntt·':lt 1Un I !TlF',"/L I. tl. f-·8.3 

M·-~ml 0)1J•; \ rng/l, J ·. 1). ~.no ~-;LI: u_oo~.t\ Gsuc:~ 1: o. 93 

'I '1\f" 
., 1 11 ., tOll 

·."i« 

:',, 





Absol.'ba.r1ce· U.IJUl 
Cc.onct"nt,r.:~.tion (IT:\I-':/L 

~sorbanv . U\Jl 
C:uncentrat.iC•ll (rng/fJ 

M~~-m Cone ( me;/L J : 

Tiffl>~: u.·.t:.c: 
) : il.ll43 

Time-: JL:lL 
): 0.040 

U.U41 SD: U.Olll!:l 

Cr Lll: Blank Seq. No. : 00207 A/S Pos. : :3? 

Absorbance: -o.ouo 
CDncentration (mg/L ) : -0.002 

Absorba.Jl'·•_·: ll.IJilil 
l:,.>rJ•-Cr~rJtr<"'ti,_.tl (rnt•JL ): (l i)(lti 

Mean (/.::one {11¥-':;L ) : ll .001 

Auti:_,- zero } ....... rfoll"fl":':d. 

Tirre: 12:13 

Tiff)">· 12: 1:'. 

SD: 0.0046 

RSD(?O: 4.68 

!late' 11/13/90 

HSD('l~): r,oo Y.l 

-----------·· .--~"' --·----"' 
Cr lD: VEH. 0.50/1.00 

Absorban.__:e: u_o;~(\ 

Cono_'entra.tioH (rngjL ) : 0. 624 

Absorb3Ilc:c: U. 1);21) 
(_;,_,u•.:e:;nt.r.:ltj ,_--n ( mg/L ) : U. 627 

:-;eq. No.: 00208 A/S Po!;;.: 38 

Titn':: 12:13 

TinB: 12:14 

ML"~UJ C..AJC ( lflt~/L ) : 0.626 ;::,D·- O.UUl.C 

r,r 1 D: l:'- L-mk 

Abs·xban•:ce: U.U1l0 
Con.c·-~ntratiOII ( rrg/L ) : u. orn 

Al.x:;orh-'-n•>:~: I)_ 000 
C:..>ncentration (mg;L ) : 0. UU2 

Sr~q. No. : OfJi:'08 A/~:. Po.s. : ~~~l 

Tir:r~: 1~:14 

Tj_Tl'lf:'!: l~:J1 

Me.:m Cot1C ( mg/f, ) : 0.002 SD: U_OOUG 

Auto-zero perf•::>nf.lt?1:i. 

Ct· lD: l~·UM~~ U.t:>O/lU.O ~--'.i-O"r]. No.: 0021U A/'6 Po:.;. · 40 

AbsorhartC(:: O.U18 T Ltr.e: 12. lt' 

Dat-e: 11/LJ/90 

R£,D('~): 0. 2C 

Llate: 11/Ll/OIJ 

RSD(:?~): :-~7.00 

Ll-=tte: 11/1:1;9(1 

~ Conce.ntratjun (mg/L ) : U.583 

Absorbance: O.IJJ9 Tirre: l~~ lb ib'6 (1:> 
(:,Jncen"tratlon (rrt:,;'f, I' 0. ~)84 

M,._..111 1")~'"'-· 1 m!•.IL l : 1)_584 :::.n: () 0008 RC,fl(?')' U.l3 

Cr J[): :'.[)348 r::~:>:q. N•.•. : 00~11 A ,. ,, ··~. : 'tl. ll.::.te: 11/11/80 

' '!:---

' 
l.• 

~-:· 

t 

;_-





,ll,tx;orlkut•. ·-~ (1_()\):: J' LffJ-;: L~: l ~' 
Curo·::8ntrat.i· •11 \rr:g/L I' IJ.IJM3 

Absorbanc10 (II):) Tim:>:: 1:~: lb 
I ;,-,J\(':>0:! lt_ra t_L _ (nJf_;/L I> 0.082 

Mean Cone (rrrg/L I' 0.083 SD> O_O(l(JJ 

Cr Ill> 348MS O.c>il/10.0 

Abs•-:-t-b.omc:e: U. 019 
Concentrati~··n (mg/L ) : 0.587 

Seq. No_: 00212 A/:o Fos . ' 4~ 

Tirre: 12:16 

RSDi%)' 0.31 

Date> 11/lJ/90 

Alx-;· ·rb-emt~e: l). !119 
Cuncentrat.l·~•tJ (tr~~:;/L ) : 0.~89 

Tlrre> 12>16 1~1~ 
M·-~an O!n<: {rn,g/L ) : 0.5f38 SDo 0.0010 RSLl('c) ' 0. 1"1 

Cr ID: 30.170 Seq. No.: 00213 A/::; Pos . : 43 Date> 11/13/90 

Absorbance: o .uo:~ Tirre: 1:2:17 
c.~,ncentratiuJ i \ ll\f;':/L I> [). 06~~ 

~Absorbance: U. 002 
(_A.)rlceJitration (llli!./L )• 0.062 

Time: 1~:17 

Mean CUll•-' ( Tllf,"/L ) : 0.062 SD: O.UU02 RSD(%): tL:-13 

Cr ID: 370MS O.t•O/l!J.O i3eq. No.: 00214 A/S P<)S. : 114 Dat.e: 11/l:l/l)() 

Al·:.<•rhartc:e-·. \) .lllf_) Time· .1:.::18 
( ;,~·ncentn:~t:i _·,n (mg/L I' o.4etJ 

ALsurlx:uJr_e>=~: (/. Olt.J 
':..)w.::~~ntr~t.i• •tl (uii-';/L I> 0.484 

Tim~= L~:le 
? J<;;ls 

Mean Cone ( mg/L ) : 0.485 :::.D: 0. 0016 JU•f''l' 0.33 

Cr [[Jo :JU41U Seq. No.: 002l5 A/S Pos.: 45 Da~' 11/l:J/~0 

Ab.sl:>rb5mce: 0.001 Tirrf"~: 12: t8 

' ()_,ncentration ( mg/L )o 0.030 

Absnrbance: 0. OOJ Tint::: lL: 18 
'·.A,..;:cntration (rr~/L )> 0.033 

M•.'d.l'"o C.X!C (Hlf'./L ) 0 031 2.IJ: \l.tl\JL. m-:,IJ{~~): '~'. l~J 

~"---. ' 

Cr 1 iJ: 4lllt1:2~ IJ.E",0/10.0 :::.eq. No.: oo::tc A/S Po.., .. : 46 nate: 11./13/80 

ALho.)t'l>.."l.liCC: I) .li; "i 
(~-,nc:en~.raUull trr~t-~fl, ): 0_!::>29 

Tirnt-'!= r:,: 18 
(._..--

(b)__ Y.._ 

... ,, .,. 

;.· 

·~ 





Hr;:.al) Cone ( mg/L ) : U.527 SD: U_OU24 

Cr ID: l::Hcu1k Seq. No. : 0021'1 A/'0 F.-::•S. : ..JJ 
Ab.sorb..':l.nce: 0.000 Tirre: 12:20 C'..cmcentration ( r~/L )c (). 011 

Absorbance: 0.00!1 Tirre : 1:,; : 20 Cuncen tra t.ion l mg/L )c u.om 
Mean Cone t mg/L ) : 0.009 SD: 0.00?9 

A11tc.- z"'rc' I-X~rfc•.rmed _ 

(~}' ILl: Vl:!:R. IJ.~,0/1.00 ~-=Jeq. No.: Orl218 AI~~, f'Qs. : 40 

Absorbance: U. U:..:t1 
(:.~·ncentrati.on (mg/L ) : U.t-rn~ 

Absorh:u'I•.C8: (J- u:..;u 
r:.._mcentretti•.•n (nw;J, ): U.61:J 

M~.::-m C•)h'; ( mgjL ) : 0.610 

Tiroe: L . .:::..;u 

Tim2: 12:21 

SD: u.urn~. 

C1· ID: llJ ru d'. ;:~. No.: 0021~~ AI~; 1-'ns . : ti ~) 

Af,:-~0rba!t<:c.=-: -ll_UOtJ 
t.::<.Jitr_·ent.r.:'l.tl ~·n ( mg/L 

Ab::;>orlx"-mce: -(J. 00!.1 
c:,_,l\(;efJt.raUon (mgjJ, 

M,_.!an f'AJJ·K~ ( rng/L ) -

Au tu- c~u-rc• J::eY ful'TI):":d. 

1_:_):" !De 3U4~:o 

Ab."iol·i B.nce: 0 002 
""- Cun,_·~?ntration (!1¥.4/L 

Absorbance: 0 \)(12 
G_•lt<~o=-ntxation (n.;g/L 

MP<m Cone (~1/L )' 

~---

Time:: J:;:21 
-0.002 

Tirrr:.: L'.::::l 
l: -0. UOJ 

-O.UIJ?. SD: () OOOS 

Seq. N. '·: 002?0 A;;~ !:\-·.~;.: ~·U 

TiriB: 1~-:. 22 
}: 0.076 

Tir~: 12 · ?:~ 
)c u 073 

0.075 SD: o. ou~:o 
... 

Cr lfJ: 42UM~-; 0.50/JU.n ::=eq. Nr_>. : 00:2:.-: l A/S Po.s. : Sl 

RSD('%): 0.46 

Date: 11/13/80 

RSI_I ( ~,·,) : 3:?: . 68 

lJat..e: 11/ll/90 

RSD(%): IJ.t>f 

Date: 11/13/~-lli 

H?,f.J(%): ~;0.23 

f!at..e: Jl/U;'9U 

H~~D(%): 2.'!0 

!)ate· '1/D/90 
Ab.sorb.:mce: u. fJ18 Tim:,: J::. ::::J l_".uncpntration (mg/L ): 0 . .569 

~~~ Ab.s···rLoutce: D.Ul9 Tirr.P.: 1''. '!'' 
,:_.- ·-·~ 

'--

~ 

'--

'-• 

~-

'· 
!.' 
,-, 

' ~;-" 

\·.' 





M0:an (.A~>llC ( rrJt!:/L J : u. :/r:·: :;JI: U.UU4:J 

Cr lD' ·!3 Seq- No. : 002:..:2 A/S Pos.: b;.! 
Absorba.nc.~ · U. UUtJ 
Cnw'dJl.ri'lti•Jn (rrv~/L ): 0.182 

'1'1rre·. 1L:23 

AbsorbAnce: I) UfJ6 T.'u~- 1~2:"24 (:0.JlJCPntraUon (rng/I) ) : 0.177 

Mean C:mr~ ( n~/L ) : 0. 17~.) ::,D: U.003G 

Cr 1D: 46:_1 MS n. 50 Seq. No. : 00223 A/~) Pus. : S.J 
Absc•rhall•_~e: -U.U06 Time: 12 24 Concen tratir..:n ( ~;lJ I' -0.182 
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f1ecu 1 Cone (n~g/L I' -0.1813 Sll: U.U018 

K.".il(':;;): 0."/IJ 

Date: 11/13/~~() 

,": 

RSD(%): 1. 97 
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f: 
-~-;·"' 

Date' 11/l:l/90 

.,. 

RSD(%1' !. 33 

- -· --- --·--
Date' 11/13/90 

·-- ....:,. __ 

RSD(%): 0 :":J"l 
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ATOMIC ABSORPTION 

I Me~al cone abs- digestion • Spl No. sld abs set abs or cone blank dilution wl/vol Result mg/l 
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ATOMIC ABSORPTION 
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NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

ANAlYTICAl REPORT 
Mr. Richard Benke BYERS RECYCLING & DISPOSAL R R 13 Box 365B 
Logansport, In 46947 

sample Description: WMA 035621 

04-11-91 

Sample No.: 36781 

P.O. NO.: 547576 

Page 1 

NET M1dwest. Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Date Taken: 04-01-91 1375 Date Received: 04-02-91 
Parameters Results Units 

TCLP - Chromium 10. mg;L 

These results have been adjusted to reflect spike recoveries. 

;! ~v'- ___ ,PJ~4~ 
Karen Groleau 
Project Manager 





NATIONAL 
ENVIRONMENTAL 

® TESTING, INC. 

ANALYTICAL REPORT 

Mr. Richard Benke 
BYERS RECYCLING & DISPOSAL 
R R #3 Box 365B 
Logansport, In 46947 

04-11-91 

Sample No.: 36782 

P.O. NO.: 547576 

Sample Description: 

Page 1 

WMA035621 SPIKED 

NET Midwest, Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 

Tel: (317) 842-4261 
Fax: (317) 842-4286 

Date Taken: 04-01-91 1375 Date Received: 04-02-91 

Parameters 

TCLP - Chromium 

Results 

70. 

Karen Groleau 
Project Manager 

Units 

% 
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TCLP AHO ZH£ EXTRACTION RECORD P~ENO.~ 
HIT Saaple No. 1{~.-,;!'c 
natrlx l~.._"fA _<.-·l~ 
ZHEI 

SOLIDS O£T£RniHATION 
I r:l,;~JpJ: Wt. of sup 1 e (A) 

Wt. of eapty beaker (8) 1- L.~ z.,A-... 
Wt. of beaker • collected filtrate CC> 

Total Solids Z • 100 • CC·B/A X 100) 

EXTRACTION FLUID O£T£RftiHATION 

pH 1 C5g sap + 96.5 •L o.r., stir for 5 aln.l 1-.oo 
pH 2 Cif pH 1 Is >5.0 add 3.5 aL lH HCL, 

:5· :j J_ heat for 10 aln., cool) 

pH 3 Cif pH 1 Is <5.0, use extraction fluid Ill 

Extraction fluid to bt used ~ 
Wt. of original saaple prior to filtration 

Wt. of solids after filtration 

Addition of extraction fluid • 20 x Vt. of solid 

Oate/Tiae Started </~ "S·'i I 
·~./()n. m 

Date/Tfae Coapleted 'f-1,·<11 j . ,;; ,;.,. IM 

Final pH <:,1 
Filtrate Voluae 

I Extract Voluae 

Analyst Signature$. J:)A&, S Date <1- b·lft Notes. ____ ....,. ________ _ 

I 
CCi.l-,bwH-LPGl~5=- 10c icor.b w;-\-l,..o .. Wu?-:./.oo -q. ;--Cf. I l I 0 'I c.;"'!- l{ c) (.j Lf-b -~I ,, .. .. <f-:. '1.00 





Sample D~gest In~t~al F~nal D~l'n 
Sample Number Date Analyst Matrix Method Volume Volume Factor Comments 
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I. "''\ 100~ 

(,\~ 7 _ _,I 

b' I ;z.z-<: 
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+ =t= + 1 '-G'ii<l-~•'' "\'3:1."-

\>t(., ~\..O.JV•-

-
' ¥ ,)! 

I "121)-_z; ;;'-\ 
Lj /<< / c" 2ouv-J> ::<q,4J ' :'>t:f\3"1 -"\"1~ "1"\ I ,,,_, ..........,~(i--::.1?. -swt \J 

'2,(, '6 (i._ \ !00r~·~ I Q \) fl"j) 

-.,I o;z? 

-; (, c-, 'Y--1 - a, 7 G 

/'- 'i'-30 
)bc,J-:>-SS ----; I ~, ,_, . 

-.,.., 'ilb -ell'(, 

,, 02\ I; 
llvZ (_ ' IJ \ . \"' " 

(J '<-) \ 
--- --------





;' :" 

.. NET Midwest, !nc. ;# 2 

Standard Atomic Absorption Conditions ror Cr 

Cr 
(24) 

---------~-------·--·-----~---------------~----------------------------------------Wavelength Sil.t Relative Sen 111 U vit:y Sensitivity Linear Noh a Check Range (nm) <!1m) (mg/Ll (me:/L) (mg/L) --------------------~-----------------------~-------------------------------------flow spoiler d•ta: ' 

II 357.9 0,7 1.0 0.078 4.0 5.0 II 359.4 

r 
1.2 o. 10 s.o 7.0 360.5 7.7 0.14 r.o 7.0 425.4 .7 8.8 0.20 12.0 7.0 427.5 .7 10,0 0.27 15.0 7.0 • 1129.0 .7 6.9 0.38 20.0 5.0 

Impact bead data: 
' 357.9 ~·7 1.0 0.01.11 2.0 3.0 359.1.1 .7 1.2 0.054 2.5 ~~lf;-lJ 360.5 .7 7.7 0.068 3.0 3.0 425. 4 Q. 7 8. 8 0.11 6. 0 1.1, 0 427.5 d.7 10.0 0.14 8.0 3.0 -----~~~---------.1:~-~------~:: ____________ ~:~~---------~:~-----------=:~---1, Reoommend•d Fla~e: Air-acetylene, reducing (rich, yellow} 

2. ''"''''''1' ···~. ,, .. ,.,,,,,. ,.,_,,,, ,, ... ,, '''·' .. , '·'' .,,, 

, 

11

istandard Flame Emission Cond1 t1ons for Cr 

-------w;~;i;~~h---~-siit---------------------------;1;;;-----------------------
----------;;~~ ----~-_:~;--------------------;1~;~~=-~;~:;~:~;~~;------------
--------------- -----~-------------------------------------------------------------

January 1992 





Client Name: 

Project ID : 

NET Lab No.: 

NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

INORGANIC QA/QC DATA 

NET Midwest. Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 
Tel: (317) 842-4261 
Fax: (317) 842-4286 

Date I Prep Blk I ICV I Accuracy I Preclsi on 
Parameter Analyzed I mg/l I Found True %Rec. I MS %Rec. I HSD I RPO 

I I I I I I I I I I 
IRLP f!r 11/ I I <.JI . I tf41 q; I t/- I 70 I;. as; I 7/ 1 ;a q /1 .c:. a. o 1 t. L/u.3 1 !J. t.f 1 I /.,J _51 I 

I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I Advisory Control L1mits: 

Prep Blank · should be less than the reporting limit. 
Independent Calibration Verification (ICV) ·should get 90·110% Recovery. 
Accuracy· should get 75·125% Recovery for Matrix Spike. 
Precision · should get <20% Relative Percent Difference for MS/MSD. 

COim'lents: 

QA/QC Data Reviewed By: _buL=------~---,t;'------------ Date: -'---/ cf(-'----=-0--cf.:.__:_/ __ 
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NATIONAL 
ENVIRONMENTAL 
TESTING, INC. 

INORGANIC QA/QC DATA 

NET Midwest, Inc. 
Indianapolis Division 
6964 Hillsdale Court 
Indianapolis, IN 46250 

Tel: (317) 842-4261 
Fax: (317) 842-4286 

age 

Client Name: b~ I?M!f11J# o/ J~J 
Project ID : u)(Y]f! ():35}:; c2. I 
NET Lab No.: 30 f 

~~~~----------------------------------
--

I Reag. Btk. I CCV LCS I RLVS 

Parameter I mg/l I Found True XR.ec. Found I True XRee. I Obtained I XRec. 

I I I I I I I I I 

iTcL? r!r I tj I g I U I L tJ ;:z, itJ . .fifti t?.5oo\ IOD I All/- I f.ift 
1 <.t). () 1 0. 50 1 .5QO 1 I I 

I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

_I 
I 

I I I I I l ____ l 

I I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I 

Advisory Control Limits: 

Reagent Blank- should be less than the reporting limito 

Continuing Calibration Verification (CCV) · should get 90·110% Recovery. 

Laboratory Control Standard (LCS) • should get 80·120% Recovery. 

Reporting Limit Verification Standard (RLVS) • should be 75·125% Recovery. 

Conments: 

"'~ .... ·~·~ '" ~ ~ Date: /d?-0 - r I 





biological & environmental control laboratories, inc. 

September 22, 1993 

Hoosier Spline & Broach Corp. 
P.O. Box 538 
Kokomo, IN 46903-0538 

Attn.: Ms. Diane Huston 

Dear Ms. Huston: 

I have now had a chance to retrieve all Q.C. data you requested on samples submitted 
in 1991 and 1992. A run down follows for each individual sample. 

(1) 91T11130 - Project WMA 035 - pile in back of building -grab - 9/11/91 @ 1:30. 
Analysis was Bias Corrected TCLP Chromium. Run by Flame Atomic 
absorption. 

As required by SW-846 TCLP Procedure, this analysis was run by the Method of 
Standard Additions. Data can be found in Laboratory Book # 236, Pages 1 06 & 
107. Data was as follows: 

Independent Check Standard before Analysis: 

Addition: 

Sample1 :1 o Dil. 

Addition: 

Sample + 1 mg/1 
Soike 

Matrix Spike: 

1632 enterprise parkway 
twinsburg, ohio 44087 
phone (216)425·8200 

%R = 0.220/0.201 X 100 = 109.4% 

Sample +0.25mg/l +0.50mg/l 

0.015 0.033 0.048 

Cone. = 0.242 x 10 = 2.42mg/L 

Sample+ +0.25mg/L +0.50mg/L 
Soike 
0.022 0.039 0.056 

Cone.= 0.332 x 10 = 3.32 mg/L 

%R = (3.32 - 2.42)/1.00 X 100 = 90% 

+0.75mg/L Ccrr. Coeff. 
10.995- 1.000) 

0.064 0.9993 

+0.75mg/L Corr. Coeff. 
(0.995- 1.000) 

0.072 0.9998 

615 front street 
toledo, ohio 43605 

phone (419)693·5307 





Page 2 - Quality Control Data 

Independent Check Standard after Analysis: 
%R = 0.191/0.201 X 100"' 95.0% 

All BEC Laboratory D.Q.O. (Data Quality Objectives) were met for this analysis. 

(2) 91T117 40 - Hoosier Spline Broach - pile in back of shop - grab - 9/24/91 @ 10 
a.m. Analysis was Bias Corrected TCLP Chromium. Run by ICP Spectroscopy. 

As required by SW-846 TCLP Procedure, this analysis was run by the Method of 
Standard Additions. Data can be found attached to the back of the archive copy. 

Independent Check Standard before Analysis: 

Addition: 

Sample 

Addition: 

Sample + 1 mg/L 
Spike 

M?trix Spike: 

o, R -· ,.. "'"''"· 00 ·~, "",...0- .• rf'" .... tJ, t\J - I .· 1..1;::}/ I. , A I U - I V'3o\J /U 

Sample +0.5 mg/L +1.0 mg/L 

2.54 3.05 3.48 
Sample Cone. = 2.82 mg/L 

Sample +0.5 mg/L +1.0 mg/L 

3.45 3.93 4.40 

Sample + Spike Cone. = 3.86 mg/L 

%R = (3.86-2.82)/1.00 X 100 = 104.0% 

Independent Check Standard after Analysis: 
%R = 0.986/1.00x 100 = 98.6% 

As for the first sample, all D.Q.O.'s were met for this analysis. 

+1.5 mg/L Corr.Coeff 
(0.995- 1.000) 

3.91 0.9991 

+1.5 mg/L Carr. Coeff. 
(0.995- 1.000) 

4.79 0.9989 

(3) 92T08972- Hoosier Spline & Broach- sludge- grab -717/92 @ 10:00. Analysis 
was Bias corrected TCLP (8 RCRA Metals). This analysis was run by ICP 
spectroscopy. 

As for the previous two samples, the Method of Standard Additions was used. 
Raw data can be found attached to the archive copy of this report. 

Due to the level of Chromium in this sample, a dilution was required. Data was 
as follows· 

Addition: Sample +0.5 mg/L +1.0 mg/L Corr. Coeff. 
(0.995 - 1.000) 

Sample 1:10 Dil. 0.819 1.34 1.88 0.9999 
Cone. = 0. 769 x 1 0 = 7.69 mg/L 





Page 3 - Quality Control Data 

Addition: Sample +0.25 mg/L +0.5 mg/L Carr. Coeff. 
(0.995- 1.000) 

Sample + 1 mg/L 0.902 1.41 1.94 0.9999 
Spike 

Cone.= 0.865 x 10 = 8.65 mg/L 

Matrix Spike: 
%R = (8.65- 7.69)/1.00 = 96.0% 

Independent Check Standard after Analysis: 
%R = 1.01/1.00 X 100 = 101.0% 

( 4) 92T12008 - Hoosier Spline & Broach - grab - waste sludg'?. - 7/20/92 @ 11 a.m. 
Analysis was TCLP Chromium. This was run by ICP Spectroscopy. 

As for the previous three samples, the method of Standard Additions was used. 
Raw data can be found attached to the archive copy of the report. 

Addition: 

_ Sample 

Independent Check Standard before Analysis: 
%R -1.05/1.00 X 100 = 105% 

Sample +0.5 mg/L +1.0 mg/L +1.5 mg/L 

0.151 0.635 1.12 1.620 

Sample Cone. = 0.15 mg/L 

Independent Check Standard after Analysis: 
%R = 1.00/1.00 X 100 = 100.0% 

As for the previous samples, all D.Q.O. were met for this analysis. 

Carr. Coeff. 
(0.995- 1.000) 

1.000 

I wish to apologize for the length of time which it took to get this report to you. This was 
due to the time required to retrieve data because these were not current samples. If 
you have further questions or need more information, please feel free to call me at 1-
419-693-5307. 

Sincerely, 

9~r~ 
J.F. Blair 
Quality Assurance Manager 





t:;;: Chemical Waste Management, Inc. 
~ Midwest Region Laboratory 

150 West 137th Street 
Riverdale, Illinois 60627 
.708/841-8360 

October 1, 1993 

Hoosier Spline Broach Corp. 
P.O. Box 538 
Kokomo, IN 46903-0538 

Attention: Ms. Diane Houston 

Dear Ms. Houston: 

OCT- 7 1993 

Pursuant to our phone conversation last week concerning chromium analyses at 
Chemical Waste Management's Northern Region laboratory, I offer the following 
information: . ·• 

For sample #200053225, we did not perform any metals analysis. 

For sample #200066354: 

Total Chromium 

Tpis analysis was performed utilizing SW-846 Method 3050A for the digestion and 
SW-846 Method 601 OA for the quantitation. The analysis was performed on a 
Jarrel Ash 61 E ICP. 

The following is the QC information for this analysis: 

Check Sample ID 

Instrument Performance Check 
Initial BlankVerification 
Initial Calibration Verification 
Continuing Blank Verification 
Continuing Calibration Verification 
Method Blank 
QC Check Standard 
Percent Error on Matrix Duplicate 
Percent Recovery on Matrix Spike 

Result 

5.316 ppm 
0.001 ppm 
4.761 ppm 
-0.0015 ppm 
4.882 ppm 
0.0063 ppm. 
4.832 ppm 

17.8% 
76.8%" 

Acceptance Criteria 

4.812 - 6.206 ppm 
<0.003 ppm 

4.500 - 5.500 ppm 
<0.003 ppm 

4.500 - 5.500 ppm 
<0.025 ppm 

4.251 -5.192 ppm 
<20% 

80-120% 

• Spike was inappropriate for the level of analyte in the spiked sample. 

@ Pnnled on recycled paper 





Diane Houston 
Hoosier Spline Broach Corp 
Page TWO 

TCLP Chromium 

This analysis was performed utilizing the TCLP method as specified in the Federal 
Register Vol. 55, No. 126, 26986-98 and the quantitation method was SW-846 
Method 601 OA. The analysis was performed on a Jarrel Ash 61 E ICP. 

Check Sample ID 

Instrument Performance Check 
Initial Blank Verification 
Initial Calibration Verification 
Continuing Blank Verification 
Continuing Calibration Verification 
Method Blank 
QC Check Standard 
Percent Error on Matrix Duplicate 
Percent Recovery on Matrix Spike 

Result 

5.597 ppm 
-0.0017 ppm 
4.548 ppm 
-0.0007 ppm 
4.661 ppm 
0.0031 ppm 
1.875 ppm 

3.0% 
83% 

Acceptance Criteria 

4.812 - 6.206 ppm 
<0.003 ppm 

4.500 - 5.500 ppm 
<0.003 ppm 

4.500 - 5.500 ppm 
<0.02 ppm 

1.792- 2.112 ppm 
<20% 

80-120% 

In a9ditio_n to these sample specific data, CWM employs several other programs to help 
ensure quality data: 

Blind Duplicates 

A sample that is processed in the laboratory for a given set of parameters is re­
introduced for the same parameters into the laboratory without the knowledge of 
the chemists. The results of both analyses are compared and if any problems are 
indicated by differing results, investigations and subsequent corrective actions are 
taken. This program is run to cover all parameters on a monthly basis. 

Standard Reference Materials 

On a quarterly basis, certified reference materials are submitted to the laboratory 
for all parameters analyzed. The results of these analyses are compared to the 
documented acceptance criteria and any outlying data points are investigated with 
subsequent corrective actions implemented when appropriate. 





Diane Houston 
Hoosier Spline Broach Corp 
Page THREE 

Reference LaboraloN Program 

Each month, all CWM laboratories submit samples to a reference laboratory for the same analyses that they performed. Again, as in Blind Duplicates, the results are compared and discrepant data are investigated. All parameters analyzed must be covered at least quarterly or more frequently, if specified in a site permit. 

I hope that this information will assist you in your investigation of the chromium results. If you have any questions regarding any of this information, or require anything further, please do not hesitate to contact me at 708/841-8360. 

Sincerely, 

Ronald J. Osborn, QA Manager 
Chemical Waste Management, Inc. 

RO/gb 





CHAPTER NINE 

SAMPLING PLAN 

9.1 DESIGN AND DEVELOPMENT 

The initial -- and perhaps most critical -- element in a program designed 
to evaluate the physical and chemical properties of a solid waste is the plan 
for sampling the waste. It is understandable that analytical studies, with 
their sophisticated instrumentation and high cost, are often perceived as the 
dominant element in a waste characterization program. Yet, despite that 
sophistication and high cost, analytical data generated by a scientifically 
defective sampling plan have limited utility, particularly in the case of 
regulatory proceedings. 

This section of the manual addresses the development and implementation 
of a scientifically credible sampling plan for a solid waste and the 
documentation of the chain of custody for such a plan. The information 
presented in this section is relevant to the sampling of any solid waste, 
which has been defined by the EPA in its regulations for the identification 
and listing of hazardous wastes to include solid, semisolid, liquid, and 
contained gaseous materials. However, the physical and chemical diversity of 
those materials, as well as the dissimilarity of storage facilities (lagoons, 
open piles, tanks, drums, etc.) and sampling equipment associated with them, 
preclude a detailed consideration of any specific sampling plan. Conse­
quently, because the burden of responsibility for developing a technically 
sound sampling plan rests with the waste producer, it is advisable that he/she 
seek competent advice before designing a plan. This is particularly true in 
the early developmental stages of a sampling plan, at which time at least a 
basic understanding of applied statistics is required. Applied statistics is 
the science of employing techniques that allow the uncertainty of inductive 
inferences (general conclusions based on partial knowledge) to be evaluated. 

9.1.1 Development of Appropriate Sampling Plans 

An appropriate sampling plan for a solid waste must be responsive to both 
regulatory and scientific objectives. Once those objectives have been clearly 
identified, a suitable sampling strategy, predicated upon fundamental statis­
tical concepts, can be developed. The statistical terminology associated with 
those concepts is reviewed in Table 9-1; Student's "t" values for use in the 
statistics of Table 9-1 appear in Table 9-2. 

9.1.1.1 Regulatory and Scientific Objectives 

The EPA, in its hazardous waste management system, has required that 
certain solid wastes be analyzed for physical and chemical properties. It is 
mostly chemical properties that are of concern, and, in the case of a number 
of chemical contaminants, the EPA has promulgated levels (regulatory 
thresholds) that cannot be equaled or exceeded. The regulations pertaining to 
the management of hazardous wastes contain three references regarding the 
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TABLE 9-1. BASIC STATISTICAL TERMINOLOGY APPLICABLE TO SAMPLING PLANS FOR SOLID WASTES 

Terminology Symbol 

Variable (e.g., barium x 
or endri n) 

Individual measurement Xi 
of variable 

Mean of all possible 
measurements of variable 
(population mean) 

Mean of measurements 
generated by sample 
(sample mean) 

Variance of sample 

Mathematical equation (Equation) 

N 
E x. 

i=1 1 

}J = -N- with N = number of 
possible measurements 

Simple random sampling and 
systematic random sampling 

n 
E x. 

i =1 1 
X=-­n 

with n = number of 
sample measurements 

Stratified random sampling 

(1) 

(2a) 

X = with Xk = stratum (2b) 
mean and Wk = frac-
tion of population 
represented by Stratum 
k (number of strata 
[k] range from 1 to r) 

Simple random sampling and 
systematic random sampling 

n n 
E X~ - (E xi)

2
/n 

52= i=1 i=1 
n - 1 

Stratified random sampling 

(3a) 

2 r · 2 
s = E Wksk 

k=1 
, with s~ = stratum (3b) 

variance and W = 
fraction of po~ulation 
represent by Stratum k 
(number of strata [k] 
ranges from 1 to r) 
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TABLE 9-1. (Continued) 

Terminology 

Standard deviation of 
sample 

Standard error 
(also standard error 
of mean and standard 
deviation of mean) 
of sample 

Confidence interval 
for l'a 

Regulatory thresholda 

Appropriate number of 
samples to collect from 
a solid waste (financial 
constraints not considered) 

Degrees of freedom 

Square root transformation 

• Arcsin transformation 

Symbo 1 

s 

s-
X 

CI 

RT 

n 

df 

Mathematical equation (Equation) 

s = fs2 (4) 

s s- =-
X .fii 

(5) 

CI = X :': t.20 sx, with t.20 (6) 
obtained from 
Table 2 for 
appropriate 
degrees of freedom 

Defined by EPA (e.g., 100 ppm for 
barium in elutriate of EP toxicity) 

n = , with t. -= RT - x 

df = n - 1 

Xi + 1/2 

(7) 

(8) 

(9) 

(10) 

Arcsin p; if necessary, refer to any (11) 
text on basic statistics; 
measurements must be con­
verted to percentages (p) 

arhe upper limit of the CI for p is compared with the applicable regulatory 
threshold (RT) to determine if a solid waste contains the variable (chemical 
contaminant) of concern at a hazardous level. The contaminant of concern is not 
considered to be present in the waste at a hazardous level if the upper limit of the CI 
is less than the applicable RT. Otherwise, the opposite conclusion is reached. 
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TABLE 9-2. TABULATED VALUES OF STUDENT'S "t" FOR EVALUATING 
SOLID WASTES 

Degrees of Tabulated 
freedom (n-1)a "t" valueb 

1 3.078 
2 1.886 
3 1.638 
4 1.533 
5 1.476 

6 1.440 
7 1.415 
8 1.397 
9 1.393 

10 1.372 

11 1.363 
12 1.356 
13 1.350 
14 1.345 
15 1.341 

16 1.337 
17 1.333 
18 1.330 
19 1.328 
20 1.325 

21 1.323 
22 1.321 
23 1.319 
24 1.318 
25 1.316 

26 1.315 
27 1.314 
28 1.313 
29 1.311 
30 1.310 

40 1.303 
60 1.296 

120 1.289 
1.282 

aDegrees of freedom (df) are equal to the number of samples (n) 
collected from a solid'waste less one. 

bTabulated "t" values are for a two-tailed confidence interval 
and a probability of 0.20 {the same values are applicable to a one-tailed 
confidence interval and a probability of 0.10). 
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sampling of solid wastes for analytical properties. The first reference, 
which occurs throughout the regulations, requires that representative samples 
of waste be collected and defines representative samples as exhibiting average 
properties of the whole waste. The second reference, which pertains just to 
petitions to exclude wastes from being listed as hazardous wastes, specifies 
that enough samples {but in no case less than four samples) be collected over 
a period of time sufficient to represent the variability of the wastes. The 
third reference, which applies only to ground water monitoring systems, 
mandates that four replicates (subsamples) be taken from each ground water 
sample intended for chemical analysis and that the mean concentration and 
variance for each chemical constituent be calculated from those four 
subsamples and compared with background levels for ground water. Even the 
statistical test to be employed in that comparison is specified (Student's t­
test). 

The first of the above-described references addresses the issue of 
sampling accuracy, and the second and third references focus on sampling 
variability or, conversely, samrling precision (actually the third reference 
relates to analytical variabi ity, which, in many statistical tests, is 
indistinguishable from true sampling variability). Sampling accuracy (the 
closeness of a sample value to its true value) and sampling precision (the 
closeness of repeated sample values) are also the issues of overriding 
importance in any scientific assessment of sampling practices. Thus, from 
both regulatory and scientific perspectives, the primary objectives of a 
sampling plan for a solid waste are twofold: namely, to collect samples that 
will allow measurements of the chemical properties of the waste that are both 
accurate and precise. If the chemical measurements are sufficiently accurate 
and precise, they will be considered reliable estimates of the chemical 
properties of the waste. 

It is now apparent that a judgment must be made as to the degree of 
sampling accuracy and precision that is required to estimate reliably the 
chemical characteristics of a solid waste for the purpose of comparing those 
characteristics with applicable regulatory thresholds. Generally, high 
accuracy and high precision are required if one or more chemical contaminants 
of a solid waste are present at a concentration that is close to the 
applicable regulatory threshold. Alternatively, relatively low accuracy and 
low precision can be tolerated if the contaminants of concern occur at levels 
far below or far above their applicable thresholds. However, a word of 
caution is in order. Low sampling precision is often associated with 
considerable savings in analytical, as well as sampling, costs and is clearly 
recognizable even in the simplest of statistical tests. On the other hand, 
low sampling accuracy may not entail cost savings and is always obscured in 
statistical tests (i.e., it cannot be evaluated). Therefore, although it is 
desirable to design sampling plans for solid wastes to achieve only the 
minimally required precision (at least two samples of a material are required 
for any estimate of precision), it is prudent to design the plans to attain 
the greatest possible accuracy. 
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The roles that inaccurate and imprecise sampling can play in causing a 
solid waste to be inappropriately judged hazardous are illustrated in Figure 
9-1. When evaluating Figure 9-1, several points are worthy of consideration. 
Although a sampling plan for a solid waste generates a mean concentration 
(X) and standard deviation {s, a measure of the extent to which individual 
sample concentrations are dispersed around X) for each chemical contaminant of 
concern, it is not the variation of individual sample concentrations that is 
of ultimate concern, but rather the variation that characterizes X itself. 
That measure of dispersion is termed the standard deviation of the mean {also, 
the standard error of the mean or standard error) and is designated as sx. 
Those two sample values, X and sx, are used to estimate the interval (range) 
within which the true mean (p) of the chemical concentration probably occurs, 
under the assumption that the individual concentrations exhibit a normal 
(bell-shaped) distribution. For the purposes of evaluating solid wastes, the 
probability level (confidence interval) of 80% has been selected. That is, 
for each chemical contaminant of concern, a confidence interval (Cl) is 
described within which p occurs if the sample is representative, which is 
expected of about 80 out of 100 samples. The upper limit of the 80% CI is 
then compared with the appropriate regulatory threshold. If the upper limit 
is less than the threshold, the chemical contaminant is not considered to be 
present in the waste at a hazardous level; otherwise, the opposite conclusion 
is drawn. One last point merits explanation. Even if the upper limit of an 
estimated 80% CI is only slightly less than the regulatory threshold (the 
worst case of chemical contamination that would be judged acceptable), there 
is only a 10% (not 20%) chance that the threshold is equaled or exceeded. 
That is because values of a normally distributed contaminant that are outside 
the limits of an 80% CI are equally distributed between the left (lower) and 
right (upper) tails of the normal curve. Consequently, the CI employed to 
evaluate solid wastes is, for all practical purposes, a 90% interval. 

9.1.1.2 Fundamental Statistical Concepts 

The concepts of sampling accuracy and precision have already been 
introduced, along with some measurements of central tendency (X) and 
dispersion (standard deviation [s] and sx) ·for concentrations of a chemical 
contaminant of a solid waste. The utility of X and sx in estimating a 
confidence interval that probably contains the true mean (p) concentration of 
a contaminant has also been described. However, it was noted that the 
validity of that estimate is predicated upon the assumption that individual 
concentrations of the contaminant exhibit a normal distribution. 

Statistical techniques for obtaining accurate and precise samples are 
relatively simple and easy to implement. Sampling accuracy is usually 
achieved b some form of random sam lin . In random sampling, every unit in 
the popu ation e.g., every location in a lagoon used to store a solid waste) 
has a theoretically equal chance of being sampled and measured. Consequently, 
statistics generated by the sample (e.g., x and, to a lesser degree, sx) are 
unbiased (accurate) estimators of true population parameters (e.g., the CI for 
p). In other words, the sample is representative of. the population. One of 
the commonest methods of selecting a random sample is to divide the 
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population by an imaginary grid, assign a series of consecutive numbers to the 
units of the grid, and select the numbers (units) to be sampled through the 
use of a random-numbers table (such a table can be found in any text on basic 
statistics). It is important to emphasize that a haphazardly selected sample 
is not a suitable substitute for a randomly selected sample. That is because 
there is no assurance that a person performing undisciplined sampling will not 
consciously or subconsciously favor the selection of certain units of the 
population, thus causing the sample to be unrepresentative of the population. 

Sampling precision is most commonly achieved by taking an appropriate 
number of samples from the population. As can be observed from the equation 
for calculating sx, precision increases (sx and the CI for p decrease) as the 
number of samples (n) increases, although not in a 1:1 ratio. For example, a 
100% increase in the number of samples from two to four causes the CI to 
decrease by approximately 62% (about 31% of that decrease is associated with 
the critical upper tail of the normal curve). However, another 100% increase 
in sampling effort from four to eight samples results in only an additional 
39% decrease in the CI. Another techni ue for increasin sam lin recision 
is to maximize the h sical size wei ht or volume of the sam les that are 
collected. Tat has the effect of minimizing between-sample variation and, 
consequently, decreasing sx. Increasing the number or size of samples taken 
from a population, in addition to increasing sampling precision, has the 
secondary effect of increasing sampling accuracy. 

In summary, reliable information concerning the chemical properties of a 
solid waste is needed for the purpose of comparing those properties with 
applicable regulatory thresholds. If chemical information is to be considered 
reliable, it must be accurate and sufficiently precise. Accuracy is usually 
achieved by incorporating some form of randomness into the selection process 
for the samples that generate the chemical information. Sufficient precision 
is most often obtained by selecting an appropriate number of samples. 

There are a few ramifications of the above-described concepts that merit 
elaboration. If, for example, as in the case of semiconductor etching 
solutions, each batch of a waste is completely homogeneous with regard to the 
chemical properties of concern and that chemical homogeneity is constant 
(uniform) over time (from batch to batch), a single sample collected from the 
waste at an arbitrary location and time would theoretically generate an 
accurate and precise estimate of the chemical properties. However, most 
wastes are heterogeneous in terms of their chemical properties. If a batch of 
waste is randomly heterogeneous with regard to its chemical characteristics 
and that random chemical heterogeneity remains constant from batch to batch, 
accuracy and appropriate precision can usually be achieved by si le random 
sampling. In that type of sampling, all units in the population essential y 
all locations or points in all batches of waste from which a sample could be 
collected} are identified, and a suitable number of samples is randomly 
selected from the population. More complex stratified random sampling is 
appropriate if a batch of waste is known to be nonrandomly heterogeneous in 
terms of its chemical properties and/or nonrandom chemical heterogeneity is 
known to exist from batch to batch. In such cases, the population is 
stratified to isolate the known sources of nonrandom chemical heterogeneity. 
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After stratification, which may occur over space (locations or points in a 
batch of waste) and/or time (each batch of waste), the units in each stratum 
are numerically identified, and a simple random sample is taken from each 
stratum. As previously intimated, both simple and stratified random sampling 
generate accurate estimates of the chemical properties of a solid waste. The 
advantage of stratified random sampling over simple random sampling is that, 
for a given number of samples and a given sample size, the former technique 
often results in a more precise estimate of chemical properties of a waste (a 
lower value of sx) than the latter technique. However, greater precision is 
likely to be realized only if a waste exhibits substantial nonrandom chemical 
heterogeneity and stratification efficiently "divides" the waste into strata 
that exhibit maximum between-strata variability and minimum within-strata 
variability. If that does not occur, stratified random sampling can produce 
results that are less precise than in the case of simple random sampling. 
Therefore, it is reasonable to select stratified random sampling over simple 
random sampling only if the distribution of chemical contaminants in a waste 
is sufficiently known to allow an intelligent identification of strata and at 
least two or three samples can be collected in each stratum. If a strategy 
employing stratified random sampling is selected, a decision must be made 
regarding the allocation of sampling effort among strata. When chemical 
variation within each stratum can be estimated with a great degree of detail, 
samples should be optimally allocated among strata, i.e., the number of 
samples collected from each stratum should be directly proportional to the 
chemical variation encountered in the stratum. When detailed information 
concerning chemical variability within strata is not available, samples should 
be proportionally allocated among strata, i.e., sampling effort in each 
stratum should be directly proportional to the size of the stratum. 

Simple random sampling and stratified random sampling are types of 
probabi 1 i ty samp 1 i ng, which, because of a re 1 i ance upon mathematica 1 and 
statistical theories, allows an evaluation of the effectiveness of sampling 
procedures. Another type of probability sampling is systematic random 
sampling, in which the first unit to be collected from a population is 
randomly selected, but all subsequent units are taken at fixed space or time 
intervals. An example of systematic random sampling is the sampling of a 
waste lagoon along a transect in which the first sampling point on the 
transect is 1 m from a randomly selected location on the shore and subsequent 
sampling points are located at 2-m intervals along the transect. The 
advantages of systematic random sampling over simple random sampling and 
stratified random sampling are the ease with which samples are identified and 
collected (the selection of the first sampling unit determines the remainder 
of the units) and, sometimes, an increase in precision. In certain cases, for 
example, systematic random sampling might be expected to be a little more 
precise than stratified random sampling with one unit per stratum because 
samples are distributed more evenly over the population. As will be 
demonstrated shortly, disadvantages of systematic random sampling are the poor 
accuracy and precision that can occur when unrecognized trends or cycles occur 
in the population. For those reasons, systematic random sampling is recom­
mended only when a population is essentially random or contains at most a 
modest stratification. In such cases, systematic random sampling would be 
employed for the sake of convenience, with little expectation of an increase 
in precision over other random sampling techniques. 
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Probability sampling is contrasted with authoritative sampling, in which 
an individual who is well acquainted with the solid waste to be sampled 
selects a sample without regard to randomization. The validity of data 
gathered in that manner is totally dependent on the knowledge of the sampler 
and, although valid data can sometimes be obtained, authoritative sampling is 
not recommended for the chemical characterization of most wastes. 

It may now be useful to offer a generalization regarding the four 
sampling strategies that have been identified for solid wastes. If little or 
no information is available concerning the distribution of chemical 
contaminants of a waste, simple random sampling is the most appropriate 
sampling strategy. As more information is accumulated for the contaminants of 
concern, greater consideration can be given (in order of the additional 
information required) to stratified random sampling, systematic random 
sampling, and, perhaps, authoritative sampling. 

[ 

The validity of a CI for the true mean (p) concentration of a chemical 
contaminant of a solid waste is, as previously noted, based on the assumption 

-=- that individual concentrations of the contaminant exhibit a normal 
distribution. This is true regardless of the strategy that is employed to 
sample the waste. Although there are computational procedures for evaluating 
the correctness of the assumption of normality, those procedures are 
meaningful only if a large number of samples are collected from a waste. 
Because sampling plans for most solid wastes entail just a few samples, one 
can do little more than superficially examine resulting data for obvious 
departures from normality (this can be done by simple graphical methods}, 
keeping in mind that even if individual measurements of a chemical contaminant 
of a waste exhibit a considerably abnormal distribution, such abnormality is 
not likely to be the case for sample means, which are our primary concern. 
One can also compare the mean of the sample (X) with the variance of the 
sample (s2). In a normally distributed population, X would be expected to be 
greater than s2 (assuming that the number of samples [n] is reasonably large). 
If that is not the case, the chemical contaminant of concern may be 
characterized by a Poisson distribution (X is approximately equal to s2) or a 
negative binomial distribution (X is less than s2). In the former 
circumstance, normality can often be achieved by transforming data according 
to the square root transformation. In the latter circumstance, normality may 
be realized through use of the arcsine transformation. If either 
transformation is required, all subsequent statistical evaluations must be 
performed on the transformed scale. 

Finally, it is necessary to address the appropriate number of samples to 
be employed in the chemical characterization of a solid waste. As has already 
been emphasized, the appropriate number of samples is the least number of 
samples required to generate a sufficiently precise estimate of the true mean 
(p) concentration of a chemical contaminant of a waste. From the perspective 
of most waste producers, that means the minimal number of samples needed to 
demonstrate that the upper limit of the CI for p is less than the applicable 
regulatory threshold (RT). The formula for estimating appropriate sampling 
effort (Table 9-1, Equation 8} indicates that increased sampling effort is 
generally justified as s2 or the "t.zo" value (probable error rate) increases 
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and as ~(RT- X) decreases. In a well-designed sampling plan for a solid 
waste, an effort is made to estimate the values of X and sZ before sampling is 
initiated. Such preliminary estimates, which may be derived from information 
pertaining to similar wastes, process engineering data, or limited analytical 
studies, are used to identify the approximate number of samples that must be 
collected from the waste. It is always prudent to collect a somewhat ~reater 
number of samples than indicated by preliminary estimates of X and s since 
poor preliminary estimates of those statistics can result in an underestimate 
of the appropriate number of samples to collect. It is usually possible to 
process and store the extra samples appropriately until analysis of the 
initially identified samples is completed and it can be determined if analysis 
of the additional samples is warranted. 

9.1.1.3 Basic Sampling Strategies 

It is now appropriate to present general procedures for implementing the 
three previously introduced sampling strategies (simple random sampling, 
stratified random sampling, and systematic random sampling) and a hypothetical 
example of each sampling strategy. The hypothetical examples illustrate the 
statistical calculations that must be performed in most situations likely to 
be encountered by a waste producer and, also, provide some insight into the 
efficiency of the three sampling strategies in meeting regulatory objectives. 

The following hypothetical conditions are assumed to exist for all three 
sampling strategies. First, barium, which has an RT of 100 ppm as measured in 
the EP elutriate test, is the only chemical contaminant of concern. Second, 
barium is discharged in particulate form to a waste lagoon and accumulates in 
the lagoon in the form of a sludge, which has built up to approximately the 
same thickness throughout the lagoon. Third, concentrations of barium are 
relatively homogeneous along the vertical gradient (from the water-sludge 
interface to the sludge-lagoon interface), suggesting a highly controlled 
manufacturing process (little between-batch variation in barium concen­
trations). Fourth, the physical size of sludge samples collected from the 
lagoon is as large as practical, and barium concentrations derived from those 
samples are normally distributed (note that we do not refer to barium levels 

.in the samples of sludge because barium measurements are actually made on the 
·erutriate from EP toxicity tests performed with the samples). Last, a 
preliminary study of barium levels in the elutriate of four EP toxicity tests 
conducted with sludge collected from the lagoon several years ago identified 
values of 86 and 90 ppm for material collected near the outfall (in the upper 
third) of the lagoon and values of 98 and 104 ppm for material obtained from 
the far end (the lower two-thirds) of the lagoon. 

For all sampling strategies, it is important to remember that barium will 
be determined to be present in the sludge at a hazardous level if the upper 
limit of the CI for y is equal to or greater than the RT of 100 ppm (Table 9-
1, Equations 6 and 7). 
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9.1.1.3.1 Simple Random Sampling 

Simple random sampling (Box 1) is performed by general procedures in 
which preliminary estimates of X and s2, as well as a knowledge of the RT, for 
each chemical contaminant of a solid waste that is of concern are employed to 
estimate the appropriate number of samples (n) to be collected from the waste. 
That number of samples is suoseque~tly analyzed for each chemical contaminant 
of concern. The resulting analytical data are then used to conclude 
definitively that each contaminant is or is not present in the waste at a 
hazardous concentration or, alternatively, to suggest a reiterative process, 
involving increased sampling effort, through which the presence or absence of 
hazard can be definitively determined. 

In the hypothetical example for simple random sampling (Box 1), 
preliminary estimates of X and s2 indicated a sampling effort consisting of 
six samples. That number of samples was collected and initially analyzed 
generating analytical data somewhat different from the preliminary data (s~ 
was substantially greater than was preliminarily estimated). Consequently, 
the upper limit of the CI was unexpectedly greater than the applicable RT, 
resulting in a tentative conclusion of hazard. However, a reestimation of 
appropriate sampling effort, based on statistics derived from the six samples, 
suggested that such a conclusion might be reversed through the collection and 
analysis of just one more sample. Fortunately, a resampling effort was not 
required because of the foresight of the waste producer in obtaining three 
extra samples during the initial sampling effort, which, because of their 
influence in decreasing the final values of X, sx, t.20. and, consequently, 
the upper limit of the CI -- values obtained from all nine samples -- resulted 
in a definitive conclusion of nonhazard. 

9.1.1.3.2 Stratified Random Sampling 

Stratified random sampling (Box 2) is conducted by general procedures 
that are similar to the procedures described for simple random sampling. The 
only difference is that, in stratified random sampling, values of X and s2 are 
calculated for each stratum in the population and then integrated into overall 
estimates of those statistics, the standard deviation (s), sx, and the 
appropriate number of samples (n) for all strata. 

The hypothetical example for stratified random sampling (Box 2) is based 
on the same nine sludge samples previously identified in the example of simple 
random sampling (Box 1) so that the relative efficiencies of the two sampling 
strategies can be fully compared. The efficiency generated through the 
process of stratification is first evident in the preliminary estimate of 
n {Step 2 in Boxes 1 and 2), which is six for simple random sampling and four 
for stratified random sampling. (The lesser value for stratified sampling is 
the consequence of a dramatic decrease in s2, which more than compensated for 
a modest increase in ~.) The most relevant indication of sampling efficiency 
is the value of sx, which is directly employed to calculate the CI. In the 
case of simpl~ random sampling, sx is calculated as 2.58 {Step 9 in Box 1), 
and, for str ,fied random sampling, sx is determined to be 2.35 (Steps 5 and 
7 in Box 2). Consequently, the gain in efficiency attributable to 
stratification is approximately 9% (0.23/2.58). 
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BOX 1. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES 
ARE PRESENT AT HAZARDOUS LEVELS - SIMPLE RANDOM SAMPLING 

Step Genera 1 Procedures 

1. Obtain preliminary estimates of X and s2 for each chemical contaminant of 
a solid waste that is of concern. The two above-identified statistics 
are calculated by, respectively, Equations 2a and 3a (Table 9-1). 

2. 

3. 

Estimate the appropriate number of samples (nl) to be collected from 
the waste through use of Equation 8 (Table 9-1) and Table 9-2. Derive 
individual values of n1 for each chemical contaminant of concern. 
The appropriate number of samples to be taken from the waste is the 
greatest of the individual n1 values. 

Randomly collect at least n1 (or n2 - "l• n3 - n2, etc., as will be 
indicated later in this box) samples from the waste (collection of a 
few extra samples will provide protection against poor preliminary 
estimates of X and s2). Maximize the physical size (weight or volume) of 
all samples that are collected. 

4. Analyze the n1 (or n2 - n1, n3 - n2 etc.) samples for each chemical 
contaminant of concern. Superficially (graphically) examine each set of 
analytical data for obvious departures from normality. 

5. Calculate X, s2, the standard deviation (s), and sx for each set of 
analytical data by, respectively, Equations 2a, 3a, 4, and 5 (Table 9-1). 

6. If X for a chemical contaminant is equal to or greater than the 
applicable RT (Equation 7, Table 9-1) and is believed to be an accurate 
estimator of~. the contaminant is considered to be present in the 
waste at a hazardous concentration, and the study is completed. 
Otherwise, continue the study. In the case of a set of analytical data 
that does not exhibit obvious abnormality and for which X is greater than 
s2, perform the following calculations with nontransformed data. 
Otherwise, consider transforming the data by the square root 
transformation (if X is about equal to s2) or the arcsine transformation 
(if X is less than s2) and performing all subsequent calculations with 
transformed data. Square root and arcsine transformations are defined 
by, respectively, Equations 10 and 11 
(Table 9-1). 

7. Determine the CI for each chemical contaminant of concern by Equation 6 
(Table 9-1) and Table 9-2. If the upper limit of the CI is less than the 
applicable RT (Equations 6 and 7, Table 9-1), the chemical contaminant is 
not considered to be present in the waste at a hazardous concentration 
and the study is completed. Otherwise, the opposite conclusion is 
tentatively reached. 
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8. If a tentative conclusion of hazard is reached, reestimate the total 
number of samples (n2) to be collected from the waste by use of 
Equation 8 (Table 9-1) and Table 9-2. When_deriving n2, employ the newly 
calculated (not preliminary) values of x and s2. If additional 
n2 - n1 samples of waste cannot reasonably be collected, the study is 
completed, and a definitive conclusion of hazard is reached. Otherwise, 
collect extra n2- n1 samples of waste. 

9. Repeat the basic operations described in Steps 3 through 8 until the 
waste is judged to be nonhazardous or, if the opposite conclusion 
continues to be reached, until increased sampling effort is impractical. 

Hypothetical Example 

Step 

1. The preliminary study of barium levels in the elutriate of four EP 
toxicity tests, conducted with sludge collected from the lagoon several 
years ago, generated values of 86 and 90 ppm for sludge obtained from 
the upper third of the lagoon and values of 98 and 104 ppm for sludge 
from the lower two-thirds of the lagoon. Those two sets of values are 
not judged to be indicative of nonrandom chemical heterogeneity 
(stratification) within the lagoon. Therefore, preliminary estimates of 
X and s2 are calculated as: 

n 
1: X; 

X = i=1 
"' n -'-''---- = 86 + 90 + 98 + 104 

4 = 94.50, and (Equation 2a) 

n n 
1: x2 (1: x1) 2/n 

2 _,_i-~-1,__~1 ~-~i=~1,__ __ _ s =-
n - 1 (Equation 3a) 

= 35,916.00 3 35,721.00 = 65.00. 

2. Based on the preliminary estimates of X and s2, as well as the knowledge 
that the RT for barium is 100 ppm, 

= (1.6382)(65.00) = 
5.502 5. 77. (Equation 8) 

3. As indicated above, the appropriate number of sludge samples (n1) to be 
collected from the lagoon is six. That number of samples (plus three 
extra samples for protection against poor preliminary estimates of x and 
s2) is collected from the lagoon by a single randomization process 
(Figure 9-2). All samples consist of the greatest volume of sludge that 
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Figure 9-2.-Hypotnetical sampling conditions in wane lagoon containing sludge contamrnated with barium. 
Barium concentrations associated with samples of sludge refer to levels measured in the elutriate of EP toxicity 
tms conducted with the samples. 
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can be practically collected. The three extra samples are suitably 
processed and stored for possible later analysis. 

4. The six samples of sludge (n1) designated for immediate analysis 
generate the following concentrations of barium in the EP toxicity 
test: 89, 90, 87, 96, 93, and 113 ppm. Although the value of 113 ppm 
appears unusual as compared with the other data, there is no obvious 
indication that the data are not normally distributed. 

5. New values for X and s2 and associated values for the standard deviation 
(s) and sx are calculated as: 

n 
l: x. 

i =1 1 89 + 90 + 87 + 96 + 93 + 113 = 94.67, X = = n 6 
(Equation 2a) 

n n 
E x2 - (l: Xi) 2/n 

52 = 
1=1 i 1=1 

n - 1 
(Equation 3a) 

= 54,224.00 5 53,770.67 = 90.67, 

s = Js2 
= 9.52, and (Equation 4) 

sx = s/fn = 9.52/f6 = 3.89. (Equation 5) 

6. The new value for x (94.67) is less than the RT (100). In addition, xis 
greater (only slightly) than s2 (90.67), and, as previously indicated, 
the raw data are not characterized by obvious abnormality. Consequently, 
the study is continued, with the following calculations performed with 
nontransformed data. 

7. CI =X+ t. 20sx = 94.67! (1.476)(3.89) (Equation 6) 

= 94.67 + 5.74. 

Because the upper limit of the CI (100.41) is greater than the applicable 
RT (100), it is tentatively concluded that barium is present in the 
sludge at a hazardous concentration. 
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8. n is now reestimated as: 

n , 
2 

2 2 
t.20s 

1!.2 
(1.4762) (90.67) = 

5.332 6.95. (Equation 8) 

The value for n2 (approximately 7) indicates that an additional 
(nz - n1 = 1) sludge sample should be collected from the lagoon. 

9. The additional sampling effort is not necessary because of the three 
extra samples that were initially collected from the lagoon. All extra 
samples are analyzed, generating the following levels of barium for the 
EP toxicity test: 93, 90, and 91 ppm. Consequently, X, s2, the stan­
dard deviation (s), and sx are recalculated as: 

n 
I: X; 

i=l 86 + 90 + .•• X=--= n 9 

n n 
E X~ - (E X.) 2/n 

2 i =1 1 i =1 1 
s = -'-'~--,.,------'-:.=--­

n - 1 

= 
79,254.00 -

8 
78,773.78 

s = fs2= 7.75, and 

+ 91 

, 60.03, 

s = s/.fil = 7.75/./9 = 2.58. 
X 

The value for x (93.56) is again less than 
indication that the nine data points, 
abnormally distributed (in particular, X 
than s2). Consequently, CI, calculated 
determined to be: 

CI = x + t s- = 93.56 +_ (1.397)(2.58) 
- .20 X 

(Equation 2a) 

(Equation 3a) 

(Equation 4) 

(Equation 5) 

the RT (100), and there is no 
considered collectively, are 
is now substantially greater 
with nontransformed data, is 

(Equation 6) 

The upper limit of the CI (97.16) is now less than the RT of 100. 
Consequently, it is definitively concluded that barium is not present in 
the sludge at a hazardous level. 
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BOX 2. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES 
ARE PRESENT AT HAZARDOUS LEVELS - STRATIFIED RANDOM SAMPLING 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

General Procedures 

Obtain preliminary estimates of X and s2 for each chemical contaminant of 
a solid waste that is of concern. The two above-identified statistics 
are calculated by, respectively, Equations 2b and 3b (Table 9-1). 

Estimate the appropriate number of samples (nJ) to be collected from 
the waste through use of Equation 8 (Table 9-1) and Table 9-2. Derive 
individual values of n1 for each chemical contaminant of concern. 
The appropriate number of samples to be taken from the waste is the 
greatest of the individual n1 values. 

Randomly collect at least n1 (or nz - n1, n3 - n2, etc., as will be 
indicated later in this box) samples from the waste (collection of a 
few extra samples will provide protection against poor preliminary 
estimates of X and s2). If Sk for each stratum (see Equation 3b) is 
believed to be an accurate estimate, optimally allocate samples among 
strata (i.e., allocate samples among strata so that the number of samples 
collected from each stratum is directly proportional to Sk for that 
stratum). Otherwise, proportionally allocate samples among strata 
according to size of the strata. Maximize the physical size (weight or 
volume) of all samples that are collected from the strata. 

Analyze the n1 (or n2 - n1, n3 - n2 etc.) samples for each chemical 
contaminant of concern. Superficially (graphically) examine each set of 
analytical data from each stratum for obvious departures from normality. 

Calculate X, s2, the standard deviation (s), and sx for each set of 
analytical data by, respectively, Equations 2b, 3b, 4, and 5 (Table 9-1). 

If X for a chemical contaminant is equal to or greater than the 
applicable RT (Equation 7, Table 9-1) and is believed to be an accurate 
estimator of u, the contaminant is considered to be present in the 
waste at a hazardous concentration, and the study is completed. 
Otherwise, continue the study. In the case of a set of analytical data 
that does not exhibit obvious abnormality and for which X is greater than 
s2, perform the following calculations with nontransformed data. 
Otherwise, consider transforming the data by the square root transfor­
mation (if X is about equal to s2) or the arcsine transformation (if X is 
less than s2) and performing all subsequent calculations with transformed 
data. Square root and arcsine transformations are defined by, 
respectively, Equations 10 and 11 (Table 9-1). 

Determine the CI for each chemical contaminant of concern by Equation 6 
(Table 9-1) and Table 9-2. If the upper limit of the CI is less than the 
applicable RT (Equations 6 and 7, Table 9-1), the chemical contaminant is 
not considered to be present in the waste at a hazardous concentration, 
and the study is completed. Otherwise, the opposite conclusion is 
tentatively reached. 
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8. If a tentative conclusion of hazard is reached, reestimate the total 
number of samples (nz) to be collected from the waste by use of 
Equation 8 (Table 9-1) and Table 9-2. When deriving n2, employ the newly 
calculated (not preliminary) values of X and s2. If additional 
n2- n1 samples of waste cannot reasonably be collected, the study is 
completed, and a definitive conclusion of hazard is reached. Otherwise, 
collect extra n2 - n1 samples of waste. 

9. Repeat the basic operations described in steps 3 through 8 until the 
waste is judged to be nonhazardous or, if the opposite conclusion 
continues to be reached, until increased sampling effort is impractical. 

Hypothetical Example 

Step 

1. The preliminary study of barium levels in the elutriate of four EP 
toxicity tests, conducted with sludge collected from the lagoon several 
years ago, generated values of 86 and 90 ppm for sludge obtained from 
the upper third of the lagoon and values of 98 and 104 ppm for sludge 
from the lower two-thirds of the lagoon. Those two sets of values are 
not judged to be indicative of nonrandom chemical heterogeneity 
(stratification) within the lagoon. Therefore, preliminary estimates of 
X and s2 are calculated as: 

r 
X = E 

k=l 

52 
r 

= E 
k=l 

2. Based on 
that the 

wkxk = (1) (88.00) + (2) (101.00) 
3 3 

2 {1) (8.00) (2) (18.00) 
\tlk5 k = 3 + 3 

the preliminary estimates of X 
RT for barium is 100 ppm, 

= (1. 3682) (14. 67) = 

3.332 3.55. 

= 96.67, and (Equation 2b) 

= 14.67. (Equation 3b) 

and s2, as well as the knowledge 

(Equation 8) 

3. As indicated above, the appropriate number of sludge samples (nl) to be 
collected from the lagoon is four. However, for purposes of comparison 
with simple random sampling (Box 1), six samples (plus three extra 
samples for protection against poor preliminary estimates of X and s2) 
are collected from the lagoon by a two-stage randomization process 
(Figure 2). Because Sk for the upper (2.12 ppm) and lower (5.66 ppm) 
strata are not believed to be very accurate estimates, the nine samples 
to be collected from the lagoon are not optimally allocated between the 
two strata (optimum allocation would require two and seven samples to be 
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collected from the upper and lower strata, respectively). Alternatively, 
proportional allocation is employed: three samples are collected from 
the upper stratum (which represents one-third of the lagoon), and six 
samples are taken from the lower stratum (two-thirds of the lagoon). All 
samples consist of the greatest volume of sludge that can be practically 
cell ected. 

4. The nine samples of sludge generate the following concentrations of 
barium in the EP toxicity test: upper stratum -- 89, 90, and 87 ppm; 
lower stratum -- 96, 93, 113, 93, 90, and 91 ppm. Although the value of 
113 ppm appears unusual as compared with the other data for the lower 
stratum, there is no obvious indication that the data are not normally· 
distributed. 

5. New values for X and s2 and associated values for the standard deviation 
(s) and sx are calculated as: 

X = 
= (1)(88.67) + (2)(96.00) = 

3 3 93.56, 

S
2 = ~ 2 (1)(2.33) + (2)(73.60) = ,. Wksk = 3 3 49.84, 

k=1 

s = l?s2 = 7 06 d l s- . , an 
s/fn = 7.06/I§ = 2.35. 

(Equation 2b) 

(Equation 3b) 

(Equation 4) 
(Equation 5) 

6. The new value for X (93.56) is less than the RT (100). In addition, X is 
greater than s2 (49.84), and, as previously indicated, the raw data are 
not characterized by obvious abnormality. Consequently, the study is 
continued, with the following calculations performed with nontransformed 
data. 

7. CI = x + t s- = 93.56 +_ (1.397)(2.35) - .20 X 

= 93.56 + 3.28 

(Equation 6) 

The upper limit of the CI 
Therefore, it is concluded 
hazardous concentration. 

(96.84) is less than the applicable RT (100). 
that barium is not present in the sludge at a 
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9.1.1.3.3 Systematic Random Sampling 

Systematic random sampling (Box 3) is implemented by general procedures 
that are identical to the procedures identified for simple random sampling. 
The hypothetical example for systematic random sampling (Box 3) demonstrates 
the bias and imprecision that are associated with that type of sampling when 
unrecognized trends or cycles exist in the population. 

9.1.1.4 Special Considerations 

The preceding discussion has addressed the major issues that are critical 
to the development of a reliable sampling strategy for a solid waste. The 
remaining discussion focuses on severa 1 "secondary" issues that should be 
considered when designing an appropriate sampling strategy. These secondary 
issues are applicable to all three of the basic sampling strategies that have 
been identified. 

9.1.1.4.1 Composite Sampling 

In composite sampling, a number of random samples are initially collected 
from a waste and combined into a single sample, which is then analyzed for the 
chemical contaminants of concern. The major disadvantage of composite 
sampling, as compared with noncomposite sampling, is that information 
concerning the chemical contaminants is lost, i.e., each initial set of 
samples generates only a single estimate of the concentration of each 
contaminant. Consequently, because the number of analytical measurements (n) 
is small, sx and t.20 are large, thus decreasing the likelihood that a 
contaminant will be judged to occur in the waste at a nonhazardous level 
(refer to appropriate equations in Table 9-1 and to Table 9-2). A remedy to 
that situation is to collect and analyze a relatively large number of 
composite samples, thereby offsetting the savings in analytical costs that are 
often associated with composite sampling, but achieving better representation 
of the waste than would occur with noncomposite sampling. 

The appropriate number of composite samples to be collected from a solid 
waste is·estimated by use of Equation 8 (Table 9-1), as previously described 
for the three basic sampling strategies. In comparison with noncomposite 
sampling, composite sampling may have the effect of minimizing between-sample 
variation (the same phenomenon that occurs when the physical size of a sample 
is maximized), thereby reducing somewhat the number of samples that must be 
collected from the waste. 

9.1.1.4.2 Subsampling 

The variance (s2) associated with a chemical contaminant of a waste 
consists of two components in that: 

(Equation 12) 
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BOX 3. STRATEGY FOR DETERMINING IF CHEMICAL CONTAMINANTS OF SOLID WASTES 
ARE PRESENT AT HAZARDOUS LEVELS - SYSTEMATIC RANDOM SAMPLING 

Step General Procedures 

1. Follow general procedures presented for simple random sampling of solid 
wastes (Box 1). 

Step Hypothetical Example 

1. The example presented in Box 1 is applicable to systematic random 
sampling, with the understanding that the nine sludge samples obtained 
from the lagoon would be collected at equal intervals along a transect 
running from a randomly selected location on one bank of the lagoon to 
the opposite bank. If that randomly selected transect were established 
between Units 1 and 409 of the sampling grid (Figure 9-2) and sampling 
were performed at Unit 1 and thereafter at three-unit intervals along the 
transect (i.e., Unit 1, Unit 52, Unit 103, , and Unit 409), it is 
apparent that only two samples would be collected in the upper third of 
the lagoon, whereas seven samples would be obtained from the lower 
two-thirds of the lagoon. If, as suggested by the barium concentrations 
illustrated in Figure 9-2, the lower part of the lagoon is characterized 
by greater and more variable barium contamination than the upper part of 
the lagoon, systematic random sampling along the above-identified 
transect, by placing undue (disproportionate) emphasis on the lower part 
of the lagoon, might be expected to result in an inaccurate 
(overestimated) and imprecise characterization of barium levels in the 
whole lagoon, as compared with either simple random sampling or 
stratified random sampling. Such inaccuracy and imprecision, which are 
typical of systematic random sampling when unrecognized trends or cycles 
occur in the population, would be magnified if, for example, the randomly 
selected transect were established solely in the lower part of the 
lagoon, e.g., between Units 239 and 255 of the sampling grid. 
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where s~ = a component attributable to sampling (sample) variation, s~ =a 
component attributable to analytical (subsample) variation, and m = number of 
subsamples. In general, s~ should not be allowed to exceed one-ninth of s§. 
If a preliminary study indicates that s~ exceeds that threshold, a sampling 
strategy involving subsampling should be considered. In such a strategy, a 
number of replicate measurements are randomly made on a relatively limited 
number of randomly collected samples. Consequently, analytical effort is 
allocated as a function of analytical variability. The efficiency of that 
general strategy in meeting regulatory objectives has already been 
demonstrated in the previous discussions of sampling effort. 

The appropriate number of samples (n) to be collected from a solid waste 
for which subsampling will be employed is again estimated by Equation 8 
(Table 9-1). In the case of simple random sampling or systematic random 
sampling with an equal number of subsamples analyzed per sample: 

n 
x = r: x;fn, 

i=1 
(Equation 13) 

where X; = sample mean (calculated from values for subsamples) and n = number 
of samples. Also, 

n -2 
l.: X; 

i=1 
n - 1 

(Equation 14) 

The optimum number of subsamples to be taken from each sample (mopt.) is 
estimated as: 

when cost factors are not considered. 
available data as: 

n m 2 r: r: x .. 
i=l .i=l lJ 

n (m - 1) 

(Equation 15) 

The value for sa is calculated from 

(Equation 16) 

and s
5

, which can have a negative characteristic, is defined as: 

(Equation 17) 
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with s2 calculated as indicated in Equation 14. 

In the case of stratified random sampling with subsampling, critical 
formulas for estimating sample size (n) by Equation 8 (Table 9-1) include: 

(Equation 2b) 

where Xk = stratum mean and Wk = fraction of population represented by Stratum 
K (number of strata, k, ranges from 1 to r). In Equation 2b, Xk for each 
stratum is calculated as the average of all sample means in the stratum 
(sample means are calculated from values for subsamples). In addition, s2 is 
calculated by: 

(Equation 3b) 

with s2k for each stratum calculated from all sample means in the stratum. 
The optimum subsampling effort when cost factors are not considered and all 
replication is symmetrical is again estimated as: 

sa 
me ) = - with opt. ss • (Equation 15) 

r n m 
l: l: l: 

k=1 i=1 J=1 sa = .!!,=._~...;:..:._...__._..,r,.,.n-r:(m:---...... 1 ).------ ' and (Equation 18) 

(Equation 17) 

with s2 derived as shown in Equation 3b. 

9.1.1.5 Cost and Loss Functions 

The cost of chemically characterizing a waste is dependent on the 
specific strategy that is employed to sample the waste. For example, in the 
case of simple random sampling without subsampling, a reasonable cost function 
might be: 

(Equation 19) 
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where C(n) = cost of employing a sample size of n, Co = an overhead cost 
(which 1s independent of the number of samples that are collected and 
analyzed), and C1 =a sample-dependent cost. A consideration of C(n) mandates 
an evaluation of L(n)• which is the sample-size-dependent expected financial 
loss related to the erroneous conclusion that a waste is hazardous. A simple 
loss function is: 

(Equation 20) 

with a = a constant related to the cost of a waste management program if the 
waste is judged to be hazardous, s2 = sample variance, and n = number of 
samples. A primary objective of any sampling strategy is to minimize 
C(n) + L(n)· Differentiation of Equations 19 and 20 indicates that the number 
of samples (n) that minimize C(n) + L(n) is: 

n = j a~2 • 
1 

(Equation 21) 

As is evident from Equation 21, a comparatively large number of samples (n) 
is justified if the value of a or s2 is large, whereas a relatively small 
number of samples is appropriate if the value of C1 is large. These general 
conclusions are valid for any sampling strategy for a solid waste. 

9.2 IMPLEMENTATION 

This section discusses the implementation of a sampling plan for the 
co 11 ect ion of a "so 11 d waste," as defined by Section 261.2 of the Resource 
Conservation and Recovery Act (RCRA) regulations. Due to the uniqueness of 
each sampling effort, the following discussion is in the general form of 
guidance which, when applied to each sampling effort, should improve and 
document the quality of the sampling and the representativeness of samples. 

The following subsections address elements of a sampling effort in a 
logical order, from defining objectives through compositing samples prior to 
analysis. 

9.2.1 Definition Of Objectives 

After verifying the need for sampling, those personnel directing the 
sampling effort should define the program's objectives. The need for a 
sampling effort should not be confused with the objective. When management, a 
regulation, or a regula tory agency requires samp 1 i ng, the need for sampling is 

established but the objectives must be defined. 
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The primary objective of any waste sampling effort is to obtain 
information that can be used to evaluate a waste. It is essential that the 
specific information needed and its uses are defined in detail at this stage. 
The information needed is usually more complex than just a concentration of a 
specified parameter: it may be further qualified (e.g., by sampling location 
or sampling time.) The manner in which the information is to be used can also 
have a substantial impact on the design of a sampling plan. (Are the data to 
be used in a qualitative or quantitative manner? If quantitative, what are 
the accuracy and precision requirements?) 

All pertinent information should be gathered. For example, if the 
primary objective has been roughly defined as "collecting samples of waste 
which will be analyzed to comply with environmental regulations," then ask the 
following questions: 

1. The sampling is being done to comply with which evironmental 
regulation? Certain regulations detail specific or minimum 
protocols (e.g., exclusion petitions as defined in §260.22 of the 
RCRA regulations): the sampling effort must comply with these 
regulatory requirements. 

2. The collected samples 
those and not others? 
fewer parameters? 

are to be analyzed for which parameters? Why 
Should the samples be analyzed for more or 

3. What waste is to be sampled: the waste as generated? the waste 
prior to or after mixing with other wastes or stabilizing agents? 
the waste after aging or drying or just prior to disposal? Should 
waste disposed of 10 years ago be sampled to acquire historical 
data? 

4. What is the end-use of the generated data base? What are the 
required degrees of accuracy and precision? 

By asking such questions, both the primary objective and specific 
sampling, analytical, and data objectives can be established. 

Two sampling efforts could have identical primary objectives but 
different specific objectives. For example, consider two situations in which 
the primary objective is to determine if the concentration of barium is less 
than the regulatory threshold of 100 ppm. The specific objectives will vary 
and have a substantial effect on sampling. (This situation is presented 
graphically in Figures 9-3 and 9-4.) In Figure 9-3, under the assumption that 
the true distribution of barium concentrations throughout the waste of 
interest is as shown, limited information has indicated that the average 
concentration is approximately 50 ppm. In Figure 9-4, assume that historical 
data indicated an average concentration of 90 ppm and the true distribution of 
barium concentrations is as shown. Therefore, the specific data objective for 
the latter case is to generate a data base that can discriminate between 90 
and 100 ppm, whereas in the former case the data objective is to discriminate 
between 50 and 100 ppm. Greater accuracy and precision are required to 
discriminate between 90 and 100 ppm: this fact will affect the number, size, 
and degree of compositing of samples collected and analyzed. 
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The form in Figure 9-5 can be used to document primary and specific 
objectives prior to development of a sampling plan. Once the objectives of a 
sampling effort are developed, it is important to adhere to them to ensure 
that the program maintains its direction. 

9.2.2 Sampling Plan Considerations 

The sampling plan is usually a written document that describes the 
objectives and details the individual tasks of a sampling effort and how they 
will be performed. (Under unusual circumstances, time may not allow for the 
sampling plan to be documented in writing, e.g., sampling during an emergency 
spill. When operating under these conditions, it is essential that the person 
directing the sampling effort be aware of the various elements of a sampling 
plan.) The more detailed the sampling plan, the less the opportunity for 
oversight or misunderstanding during sampling, analysis, and data treatment. 

To ensure that the sampling plan is 
all aspects of the effort represented. 
should include the following personnel: 

designed properly, it is wise to have 
Those designing the sampling plan 

1. An end-user of the data, 
program objectives and thus 
the data objectives are 
sampling plan. 

who will be using the data to attain 
would be best prepared to ensure that 

understood and incorporated into the 

2. An experienced member of the field team who will actually collect 
samples, who can offer hands-on insight into potential problems and 
solutions, and who, having acquired a comprehensive understanding of 
the entire sampling effort during the design phase, will be better 
prepared to implement the sampling plan. 

3. An analytical chemist, because the analytical requirements for 
sampling, preservation, and holding times will be factors around 
which the sampling plan will be written. A sampling effort cannot 
succeed if an improperly collected or preserved sample or an 
inadequate volume of sample is submitted to the laboratory for 
chemical, physical, or biological testing. The appropriate 
analytical chemist should be consulted on these matters. 

4. An engineer should be involved if a complex manufacturing process is 
being sampled. Representation of the appropriate engineering 
discipline will allow for the optimization of sampling locations and 
safety during sampling and should ensure that all waste-stream 
variations are accounted for. 

5. A statistician, who will review the sampling approach and verify 
that the resulting data will be suitable for any required 
statistical calculations or decisions. 

6. A quality assurance representative, who will review the 
applicability of standard operating procedures and determine the 
number of blanks, duplicates, spike samples, and other steps 
required to document the accuracy and precision of the resulting 
data base. 
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Sampling Site: ------------------------------------------------

Address: 

Description of Waste to be Sampled: ---------------------

Primary Objective: -------------------------------------------

Specific Sampling Objectives:------------------

Specific Analysis Objectives: --------------------

Specific Deta Objectives: -----------------------

Figure 9-5. Form for Documenting Primary and Specific Objectives 
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At least one person should be familiar with the site to be sampled. If 
not, then a presampling site visit should be arranged to acquire site-specific 
information. If no one is familiar with the site and a presampling site visit 
cannot be arranged, then the sampling plan must be written so that it can 
address contingencies that may occur. 

Even in those cases in which a detailed sampling plan is authored and a 
comprehensive knowledge of the site exists, it is unusual for a sampling plan 
to be implemented exactly as written. Waste-stream changes, inappropriate 
weather, sampling equipment failure, and problems in gaining access to the 
waste are some reasons why a sampling plan must be altered. Thus it is always 
necessary to have at least one experienced sampler as a member of a sampling 
team. 

The sampling plan should address the considerations discussed below. 

9.2.2.1 Statistics 

A discussion of waste sampling often leads to a discussion 
The goals of waste sampling and statistics are identical, 
inferences about a parent population based upon the information 
sample. 

of statistics. 
i • e. , to make 

contained in a 

Thus it is not surprising that waste sampling relies heavily upon the 
highly developed science of statistics and that a sampling/analytical effort 
usually contains the same elements as does a statistical experiment. 
Analogously, the Harris pollster collects opinions from randomly chosen 
people, whereas environmental scientists collect waste at randomly chosen 
locations or times. The pollster analyzes the information into a useable data 
base; laboratories analyze waste samples and generate data. Then the unbiased 
data base is used to draw inferences about the entire population, which for 
the Harris pollster may be the voting population of a large city, whereas for 
the environmental scientist the population may mean the entire contents of a 
1 and fill. 

During the implementation of a waste sampling plan or a statistical 
experiment, an effort is made to minimize the possibility of drawing incorrect 
inferences by obtaining samples that are representative of a population. In 
fact, the term "representative sample" is commonly used to denote a sample 
that (1) has the properties and chemical composition of the population from 
which it was collected, and (2) has them in the same average proportions as 
are found in the population. 

In regard to waste sampling, the term "representative sample" can be 
misleading unless one is dealing with a homogeneous waste from which one 
sample can represent the whole population. In most cases, it would be best to 
consider a "representative data base" generated by the collection and analysis 
of more than one sample that defines the average properties or composition of 
the waste. A "representative data base" is a more realistic term because the 
evaluation of most wastes requires numerous samples to determine the average 
properties or concentrations of parameters in a waste. (The additional 
samples needed to generate a representative data base can also be used to 
determine the variability of these properties or concentrations throughout the 
waste population.) 
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Statisticians have developed a number of strategies to obtain samples 
that are unbiased and collectively representative of a population. A detailed 
discussion of these strategies is presented in Section 9.1 of this chapter. 
The following discussion of statistical considerations is a less technical 
summary of these strategies. It was written to complement Section 9.1 and 
will be most useful after Section 9.1 is read and studied. 

Section 9.1 describes three basic sampling strategies: simple random, 
stratified random, and systematic random sampling. It should be noted that 
the word random has more than one meaning. When used in statistical 
discussions, it does not mean haphazard; it means that every part of a waste 
has a theoretically equal chance of being sampled. Random sampling, which 
entails detailed planning and painstaking implementation, is distinctly 
different from haphazard sampling, which may introduce bias into the 
collection of samples and the resulting data. 

Systematic random sampling and authoritative sampling strategies require 
a substantial knowledge of the waste to ensure that: (1) a cycle or trend in 
waste composition does not coincide with the sampling locations; or (2) in the 
case of authoritative sampling, all or most of the assumptions regarding waste 
composition or generation are true. Because the variabilities of waste 
composition and the waste generation process are often unknown, systematic 
random and authoritative sampling strategies are usually not applicable to 
waste evaluation. 

Therefore, for waste sampling, the usual options are simple or stratified 
random sampling. Of these two strategies, simple random sampling is the 
option of choice unless: (1) there are known distinct strata (divisions) in 
the waste over time or in space; (2) one wants to prove or disprove that there 
are distinct time and/or space strata in the waste of interest; or (3) one is 
collecting a minimum number of samples and desires to minimize the size of a 
hot spot (area of high concentration) that could go unsampled. If any of 
these three conditions exists, it may be determined that stratified random 
sampling would be the optimum strategy. To explain how these strategies can 
be employed, a few examples follow: 

Example 1: Simple Random Sampling of Tanks 

A batch manufacturing process had been generating a liquid waste over a 
period of years and storing it in a large open-top tank. As this tank 
approached capacity, some of the waste was allowed to overflow to a smaller 
enclosed tank. This smaller tank allowed for limited access through an 
inspection port on its top. 

Because the on-site tank storage was approaching capacity, it was 
determined that the waste would have to be disposed of off-site. 

The operators of the facility had determined that the waste was 
a nonhazardous solid waste when the RCRA regulations were first promulgated. 
However, upon recent passage of more stringent state regulations and concerns 
of potential liability, the operators determined that they should perform a 
more comprehensive analysis of the waste. 
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Because the waste was generated in a batch mode over a period of years, 
the operators were concerned that the waste composition might have varied 
between batches and that stratification might have occurred in the tank at 
unknown and random depths. Based on their knowledge, the operators knew that 
a grab sample would not suffice and that a sampling program would have to be 
designed to address the heterogeneity of the waste. 

Because the operators intended to dispose of the entire contents of the 
tank and lacked any specific information regarding stratification and 
variability of the waste, it was decided that a simple random strategy would 
be employed. (If the operators had treated portions of the waste differently 
or had been aware of distinct strata, then stratified random sampling might 
have been more appropriate.) 

The large, unenclosed tank had a diameter of 50 ft, a height of 20 ft, 
and an approximate volume of 295,000 gal allowed. It was encircled and 
traversed by catwalks (refer to Figure 9-6), which allowed access to the 
entire waste surface. The smaller tank had a diameter of 10 ft, a height of 
10ft, and an approximate volume of 6,000 gal; an inspection port located on 
the top allowed limited access. It was determined that the different 
construction of the two tanks would require different simple random sampling 
approaches. 

In the case of the large tank, it was decided that vertical composite 
samples would be collected because the operators were interested in the 
average composition and variability of the waste and not in determining if 
different vertical strata existed. It was decided to select points randomly 
along the circumference {157ft) and along the radius (25ft). These numbers, 
which would constitute the coordinates of the sampling locations, were chosen 
from a random-number table by indiscriminately choosing a page and then a 
column on that page. The circumference coordinates were then chosen by 
proceeding down the column and listing the first 15 numbers that are greater 
than or equal to 0, but less than or equal to 157. The radius coordinates 
were chosen by continuing down the column and listing the first 15 numbers 
that are greater than or equal to O, but less than or equal to 25. These 
numbers were paired to form the coordinates that determined the location of 
the 15 randomly chosen sampling points. These coordinates were recorded in 
the field notebook (refer to Table 9-3). Because no precision data on waste 
composition existed prior to sampling, the number of samples {15) was chosen 
as a conservative figure to more than allow for a sound statistical decision. 

The actual samples were collected by employing a sampling device, which 
was constructed on site from available materials, and a weighted bottle. This 
device, which was used to access more remote areas of the tank, consisted of a 
weighted bottle, a rope marked off at 1-ft increments, and a discarded spool 
that originally contained electrical wire (refer to Figure 9-7). 

Samples were collected by a three-person team. The person controlling 
the weighted bottle walked to the first circumference coordinate (149 ft), 
while the two persons holding the ropes attached to the spool walked along 
opposing catwalks toward the center of the tank. The person controlling the 
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TABLE 9-3. RANDOM COORDINATES FOR 295,000-GAL TANK 

Sampiing point 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Circumference 
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149 
86 
94 
99 
23 
58 
52 

104 
23 
51 
77 
12 

151 
83 
99 

Radius 

4 
22 
13 
0 

10 
2 

22 
16 
25 

4 
14 

5 
15 
23 
18 
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Figure 9-7. Device used to collect sample from the open tank. 
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weighted bottle measured off the radius coordinate (4ft). The spool was then 
centered in the quadrant, the weighted bottle was lowered to the surface, and 
a sample was collected from the first 2 ft of waste. This sample was then 
transferred into a large, labeled sample container, which was used for 
compositing. This same process was repeated nine more times at the same 
location at different 2-ft depth intervals, resulting in the collection of a 
total of 10 component depth samples that were compiled in the field into one 
sample for that sampling point. This process was repeated at the remaining 14 
sampling points, resulting in the collection of 15 vertical composite samples. 
These vertical composite samples were taken to address any vertical 
stratification that may have occurred. 

The samples were properly preserved and stored, chain-of-custody 
procedures were completed, and the samples were submitted to the laboratory. 
A cost/benefit decision was made to composite aliquots of the samples into 
five composite samples that were submitted for analysis. (Following analysis, 
Equation 8 of Section 9.1 of this chapter was employed to determine if enough 
samples were analyzed to make a statistically sound decision. If the number 
of samples analyzed was not sufficient, then the samples would be recomposited 
to a lesser degree or analyzed individually.) 

Because there was no information to prove that the waste in the smaller 
tank was the same as that in the larger tank, the operators decided that the 
smaller tank must also· be sampled. The different construction of the smaller, 
enclosed tank mandated that a different sampling plan be designed. The only 
access to the tank was through a small inspection port on the top of the tank. 
This port would allow sampling only of a small portion of the tank contents; 
thus, to make a decision on the entire contents of the tank, one would have to 
assume that the waste in the vicinity of the inspection port was 
representative of the remainder of the tank contents. The operators were not 
willing to make this assumption because they determined that the liability of 
an incorrect decision overrode the convenience of facilitating the sampling 
effort. 

To randomly sample the entire contents of the tank, a different plan was 
designed. This plan exploited the relatively small volume (approximately 
6,000 gal) of the tank. A decision was made to rent two tank trucks and to 
sample the waste randomly over time as it drained from the tank into the tank 
trucks. 

It was calculated that at a rate of 20 gal/min, it would take 300 min to 
drain the tank. From the random-number tables, 15 numbers that were greater 
than or equal to 0, but less than or equal to 300, were chosen in a manner 
similar to that employed for the larger tank. These numbers were recorded in 
the field notebook (refer to Table 9-4) at the time that they were encountered 
in the random-number table and were then assigned sampling point numbers 
according to their chronological order. 

The 15 samples were collected at the previously chosen random times as 
the waste exited from a drainage hose into the tank trucks. These samples 
were collected in separate labeled containers, properly preserved and stored; 
chain-of-custody procedures were employed for transferral of the samples to 
the laboratory. 
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TABLE 9-4. RANDOM TIMES FOR 6,000-GAL TANK 

Sampling point 

11 
10 
8 
6 
5 

15 
12 
1 

13 
9 
2 
4 
7 
3 

14 
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Time (min) 

153 
122 
85 
55 
46 

294 
195 

5 
213 

99 
29 
41 
74 
31 

219 
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The above example employed simple random sampling to determine the 
average composition and variance of the waste contained in the two tanks. The 
contents of the large tank were sampled randomly in space, whereas the 
contents of the smaller tank were sampled randomly over time. 

The following example will involve the use of stratified random sampling, 
which is used when: (1) distinct strata are known to exist or (2) it is not 
known whether different strata exist, but an objective of the sampling effort 
is to discover the existence or nonexistence of strata. 

A variation of this second reason for employing stratified random 
sampling is when cost considerations limit the number of samples that can be 
collected (e.g., when the budget allows for the collection of only six samples 
in a 40-acre lagoon). In this situation, where little is known about the 
composition of the waste, a concern exists that an area of the lagoon may be 
highly contaminated and yet may not be sampled. The smaller the number of 
samples, the greater the probability that an area of high contamination (a 
distinct stratum) could be missed, and the greater the probability that the 
sampling accuracy will suffer. Under such circumstances, a sampling plan may 
employ stratified random sampling to minimize the size of a highly 
contaminated area that could go unsampled. 

For example, consider the situation where the budget allows only for the 
collection of six samples in a 40-acre lagoon. If simple random sampling is 
employed with such a small number of samples, there is a certain probability 
that large areas of the lagoon may go unsampled. One approach to minimizing 
the size of areas that may go unsampled is to divide the lagoon into three 
strata of equal size and randomly sample each stratum separately. This 
approach decreases the size of an area that can go unsampled to something less 
than one-third of the total lagoon area. 

The following example details more traditional applications of stratified 
random sampling. 

Example 2: Stratified Random Sampling of Effluents and Lagoons 

A pigment manufacturing process has been generating wastes over a number 
of years. The pigment is generated in large batches that involve a 24-hr 
cycle. During the first 16 hr of the cycle, an aqueous sludge stream is 
discharged. This waste contains a high percentage of large-sized black 
particulate matter. The waste generated during the remaining 8 hr of the 
manufacturing cycle is an aqueous-based white sludge that consists of much 
smaller-sized particles than those found in the sludge generated in the first 
16 hr of the batch process. This waste has been disposed of over the years 
into a 40-acre settling lagoon, allowing the particulate matter to settle out 
of solution while the water phase drains to an NPDES outfall at the opposite 
end of the lagoon. The smaller white pigment particles released in the last 8 
hr of the batch process settle more slowly than the much larger black 
particles generated in the previous 16 hr. This settling pattern is quite 
apparent from the distinct colors of the wastes. The sludge in the quadrant 
closest to the waste influent pipe is black; the next quadrant is a light gray 
color, resulting from settling of both waste streams. The last two quadrants 
contain a pure white sludge, resulting from the settling of the small pigment 
particles. 
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Eventually, the facility operators decided that the settled particulate 
matter had to be removed to keep the settling lagoon functioning. In the 
past, this residual lagoon waste was found to be a hazardous waste due to its 
leachable barium content. Further studies determined that the source of the 
barium was a certain raw material that was released during the first 16 hr of 
batch process. 

To minimize present disposal costs, the operators wanted to determine if 
the white sludge in the last two quadrants and the light gray waste were 
nonhazardous. Also, the operators had recently changed raw materials, with 
the intention of removing the source of barium in an attempt to minimize 
future disposal costs. Thus, the operators were interested in determining 
whether the currently generated waste was hazardous. If the altered waste 
stream was not hazardous, future lagoon sludge could be disposed of more 
economically as a solid waste. If the waste generated during the first 16 hr 
of the process remained hazardous but the waste generated during the following 
8 hr was nonhazardous, the operators were willing to shift this latter waste 
to a second lagoon reserved for nonhazardous wastes. By sequestering the 
waste streams in this manner, the operators intended to decrease the amount of 
hazardous waste by precluding generation of additional amounts of hazardous 
waste under the "mixture rule." 

To decide how the lagoon sludge should be handled, the operators arranged 
to have the lagoon sludge sampled. The objectives of sampling the lagoon 
sludge were to determine the average concentration and variance of leachable 
barium for the sludge in the entire lagoon and for each of the different 
sludges. 

The dimensions of the 40-acre square lagoon were calculated to be 
1,320 ft on a side, with the black and the gray sludge each covering a 
quadrant measuring 1,320 ft by 330 ft, and the white sludge covering the 
remaining area of the lagoon, which measured 1,320 ft by 660 ft (refer to 
Figure 9-8). The sludge had settled to a uniform thickness throughout the 
lagoon and was covered with 2 ft of water. 

Because the leachable barium was assumed to be associated with the black 
sludge, which was concentrated in the first quadrant, a stratified random 
sampling approach was chosen. (Because of the obvious strata in the lagoon 
sludge, the stratified sampling strategy was expected to give a more precise 
estimate of the leachable barium, in addition to giving information specific 
to each stratum.) 

When the actual sampling was being planned, it was decided that the 
hazards presented by the lagoon waste were minimal, and, that if proper 
precautions were employed, a stable and unsinkable boat could be used to 
collect samples. The samples were collected with a core sampler at random 
locations throughout each stratum. Because the cost of collecting samples was 
reasonable and no historical data were available to help determine the optimum 
number of samples, the operators decided to collect a total of 10 samples from 
each of the smaller strata and a total of 20 samples from the larger strata. 
They had confidence that this number of samples would allow them to detect a 
small significant difference between the mean concentration of leachable 
barium and the applicable regulatory threshold. 
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The locations of the random sampling points were determined by selecting 
length and width coordinates from a random-number table. This was done by 
indiscriminately choosing a page from the random-number tables and then a 
column on that page. The width coordinates of the two smaller quadrants were 
then chosen by proceeding down the column and listing the first 20 numbers 
that were greater than or equal to 0, but less than or equal to 330. The 
width coordinate for the third and largest stratum was chosen by proceeding 
down the column and selecting the first 20 numbers that were greater than or 
equal to o, but less than or equal to 660. Because the lengths of the three 
quadrants were all 1,320 ft, the length coordinates were chosen by listing the 
first 40 numbers that were greater than or equal to 0 but less than or equal 
to 1,320. These coordinates were recorded in the field notebook (refer to 
nab1e 9-5). 

The samples were collected by a four-person team. Two people remained 
onshore while two maneuvered the boat and collected the samples. The first 
sample in the first quadrant was collected by launching the boat at a distance 
of 41 ft from the corner, which was designated the origin, 0 ft. The boat 
proceeded out into the lagoon perpendicular to the long side of the quadrant. 
The person onshore released 134 ft of a measured rope, which allowed the boat 
to stop at the first sampling point (41, 134). The sample was then collected 
with a core sampler and transferred to a sample container. This process was 
repeated for all sampling points in the three strata. The samples were 
properly preserved and stored, and the chain-of-custody records documented the 
transfer of samples to the laboratory. 

Aliquots of the samples were composited into five composite samples for 
each stratum. The mean and variance of each stratum were calculated by 
Equations 2(a) and 3(a), respectively. The mean and variance for the total 
lagoon were calculated by using Equations 2(b) and 3(b), respectively. 
Equation 6 was used to calculate a confidence interval for the leachable 
barium concentration, and the upper limit of this interval was compared with 
the regulatory threshold. (See Table 9-1, Section 9.1 of this chapter, for 
equations.) 

As previously mentioned, the operators had recently changed their raw 
materials and were also interested in discovering if the currently generated 
waste was nonhazardous or if portions of this waste stream were nonhazardous. 
As described above, the waste effluent for the first 16 hr of the day was 
different from that discharged during the last 8 hr. However, because the 
same large plumbing system was used for both waste streams, there were two 2-
hr periods during which the discharged waste was a mixture of the two 
different wastes. 

With the above objectives in mind, the operators decided to employ 
stratified random sampling with four strata occurring over time, as opposed to 
the strata in space that were employed for sampling the lagoon. The four time 
strata were from 6:00 to 8:00 hr, from 8:00 to 20:00 hr, from 20:00 to 22:00 
hr, and from 22:00 to 6:00 hr the following day. The two 2-hr strata were 
those time periods during which the. waste was a mixture of the two different 
waste streams. The 12-hr stratum was the time period during which the large­
sized particulate black waste was being discharged. The smaller particulate 
white waste was being discharged during the 8-hr stratum. 
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TABLE 9-5. RANDOM COORDINATES FOR EACH STRATUM 
IN THE 40-ACRE SETTLING LAGOON 

Sampling Length Width 
Point (ft) (ft) 

Stratum #1 1 41 134 
(Black) 2 271 51 

3 968 32 
4 129 228 
5 472 137 
6 1,198 56 
7 700 261 
8 2B6 8 
9 940 26 

10 151 121 

Stratum #2 1 1,173 109 
(Gray) 2 277 2 

3 43B 302 
4 780 5 
5 525 135 
6 50 37 
7 26 127 
8 1,207 149 
9 1' 231 325 

10 840 32 

Stratum #3 1 54 374 
(White) 2 909 434 

3 1,163 390 
4 1,251 449 
5 1 609 
6 1,126 140 
7 717 235 
8 1,155 148 
9 668 433 

10 66 642 
11 462 455 
12 213 305 
13 1,220 541 
14 1,038 644 
15 508 376 
16 1,293 270 
17 30 38 
18 114 52 
19 1,229 570 
20 392 613 
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The flow rate was constant throughout the 24-hr period, and there were no 
precision data available for the waste. Therefore, it was decided that the 
number of samples collected in the 8- and 12-hr strata would be proportional 
to time. Because the 2-hr periods were times during which the composition of 
the waste was changing, it was decided to collect more samples to get a more 
precise estimate of the average composition of the waste during these time 
strata. Thus a total of 28 samples was collected. 

The samples were collected at randomly chosen times within each time 
stratum. The random sampling times were chosen by employing a random-number 
table. After indiscriminately selecting a starting point, the first four 
numbers greater than or equal to 0, but less than or equal to 120 were 
selected for the 120-min strata from 6:00 to 8:00 hr. These minutes were then 
added to the starting time to determine when the four samples would be 
collected. In similar fashion, the remaining 24 sampling times were chosen. 
The random-number data were recorded in a laboratory notebook (refer to Table 
9-6). 

The samples were collected from the waste influent pipe with a wide-mouth 
bottle at the randomly chosen sampling times. The samples were properly 
preserved and stored and shipped to the laboratory, along with chain-of­
custody records. The samples were subjected to analysis, and the data were 
evaluated in a manner similar to that employed for the samples of sludge 
collected in the different strata of the lagoon. 

9.2.2.2 Waste 

The sampling plan must address a number of factors in addition to 
statistical considerations. Obviously, one of the most important factors is 
the waste itself and its properties. The following waste properties are 
examples of what must be considered when designing a sampling plan: 

1. Physical state: The physical state of the waste will affect most 
aspects of a sampling effort. The sampling device will vary 
according to whether the sample is liquid, gas, solid, or 
multiphasic. It will also vary according to whether the liquid is 
viscous or free-flowing, or whether the solid is hard or soft, 
powdery, monolithic, or clay-like. 

Wide-mouth sample containers will be needed for most solid samples 
and for sludges or liquids with substantial amounts of suspended 
matter. Narrow-mouth containers can be used for other wastes, and 
bottles with air-tight closures will be needed for gas samples or 
gases adsorbed on solids or dissolved in liquids. 

The physical state will also affect how sampling devices are 
deployed. A different plan will be developed for sampling a soil­
like waste that can easily support the weight of a sampling team and 
its equipment than for a lagoon filled with a viscous sludge or a 
liquid waste. 
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TABLE 9-6. RANDOM TIMES FOR THE WASTE EFFLUENT 

Sampling Random 
Point M1nute T1me 

Stratum Ill 1 28 6:28 
(6:00 to 8:00 2 62 7:02 
hours) 3 99 7:39 

4 112 7:52 

Stratum 112 1 11 8:11 
(8:00 to 20:00 2 107 9:47 
hours) 3 156 10:36 

4 173 10:53 
5 296 12:56 
6 313 13:13 
7 398 14:38 
8 497 16:17 
9 555 17:15 

10 600 18:00 
11 637 18:37 
12 706 19:46 

Stratum 113 1 13 20:13 
(20:00 to 22:00 2 52 20:52 
hours) 3 88 21:28 

4 108 21:48 

Stratum 114 1 48 22:48 
(22:00 to 6:00 2 113 23:53 
hours 3 153 24:33 

4 189 1:09 
5 227 1:47 
6 290 2:49 
7 314 3:14 
8 474 5:44 
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The sampling strategy will have to vary 
waste allows for stratification (e.g., 
density or viscosity or have a 
homogenization or random heterogeneity. 

if the physical state of the 
liquid wastes that vary in 
suspended solid phase), 

2. Volume: The volume of the waste, which has to be represented by the 
samples collected, will have an effect upon the choice of sampling 
equipment and strategies. Sampling a 40-acre lagoon requires a 
different approach from sampling a 4-sq-ft container. Although a 
3-ft depth can be sampled with a Coliwasa or a drum thief, a 
weighted bottle may be required to sample a 50-ft depth. 

3. Hazardous properties: Safety and health precautions and methods of 
sampling and shipping will vary dramatically with the toxicity, 
ignitability, corrosivity, and reactivity of the waste. 

4. Composition: The chosen sampling strategy will 
homogeneity, random heterogeneity, or stratification of 
time or over space. 

9.2.2.3 Site 

reflect the 
the waste in 

Site-specific factors must be considered when designing a sampling plan. 
A thorough examination of these factors will minimize oversights that can 
affect the success of sampling and prevent attainment of the program 
objectives. At least one person involved in the design and implementation of 
the sampling plan should be familiar with the site, or a presampling site 
visit should be arranged. If nobody is familiar with the site and a visit 
cannot be arranged, the sampling plan must be written to account for the 
possible contingencies. Examples of site-specific factors that should be 
considered follow: 

1. Accessibility: The accessibility of waste can vary substantially. 
Some wastes are accessed by the simple turning of a valve; others 
may require that an entire tank be emptied or that heavy equipment 
be employed. The accessibility of a waste at the chosen 
sampling location must be determined prior to design of a sampling 
plan. 

2. Waste generation and handling: The waste generation and handling 
process must be understood to ensure that collected samples are 
representative of the waste. Factors which must be known and 
accounted for in the sampling plan include: if the waste is 
generated in batches: if there is a change in the raw materials used 
in a manufacturing process; if waste composition can vary 
substantially as a function of process temperatures or pressures; 
and if storage time after generation may vary. 

3. Transitory events: Start-up, shut-down, slow-down, and maintenance 
transients can result in the generation of a waste that is not 
representative of the normal waste stream. If a sample was 
unknowingly collected at one of these intervals, incorrect 
conclusions could be drawn. 
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4. Climate: The sampling plan should specify any clothing needed for 
personnel to accommodate any extreme heat or cold that may be 
encountered. Dehydration and extensive exposure to sun, insects, or 
poisonous snakes must be considered. 

5. Hazards: Each site can have hazards -- both expected and 
unexpected. For example, a general understanding of a process may 
lead a sampling team to be prepared for dealing with toxic or 
reactive material, but not for dealing with an electrical hazard or 
the potential for suffocation in a confined space. A thorough 
sampling plan will include a health and safety plan that will 
counsel team members to be alert to potential hazards. 

9.2.2.4 Equipment 

The choice of sampling equipment and sample containers will depend upon 
the previously described waste and site considerations. For the following 
reasons, the analytical chemist will play an important role in the selection 
of sampling equipment: 

1. The analytical chemist is aware of the potential interactions 
between sampling equipment or container material with analytes of 
interest. As a result, he/she can suggest a material that minimizes 
losses by adsorption, volatilization, or contamination caused by 
leaching from containers or sampling devices. 

2. The analytical chemist can specify cleaning procedures for sampling 
devices and containers that minimize sample contamination and cross 
contamination between consecutive samples. 

3. The analytical chemist's awareness of analyte-specific properties is 
useful in selecting the optimum equipment (e.g., choice of sampling 
devices that minimize agitation for those samples that will be 
subjected to analysis for volatile compounds). 

The final choice of containers and sampling devices will be made jointly 
by the analytical chemist and the group designing the sampling plan. The 
factors that will be considered when choosing a sampling device are: 

1. Negative contamination: The potential for the measured analyte 
concentration to be artificially low because of losses from 
volatilization or adsorption. 

2. Positive contamination: The potential for the measured analyte to 
be artifically high because of leaching or the introduction of 
foreign matter into the sample by particle fallout or gaseous air 
contaminants. 

3. Cross contamination: A type of positive contamination caused by the 
introduction of part of one sample into a second sample during 
sampling, shipping, or storage. 
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4. Required samole volume for physical and/or chemical analysis. 

5. "Ease of use" of the sampling device and containers under the 
conditions that will be encountered on-site. This includes the ease 
of shipping to and from the site, ease of deployment, and ease of 
cleaning. 

6. The degree of hazard associated with the deployment of one sampling 
device versus another. 

7. Cost of the sampling device and of the labor for its deployment. 

This section describes examples of sampling equipment and suggests 
potential uses for this equipment. Some of these devices are commercially 
available, but others will have to be fabricated by the user. The information 
in this section is general in nature and therefore limited. 

Because each sampling situation is unique, the cited equipment and 
applications may have to be modified to ensure that a representative sample is 
collected and its physical and chemical integrity are maintained. It is the 
responsibility of those persons conducting sampling programs to make the 
appropriate modifications. 

Table 9-7 contains examples of sampling equipment and potential 
applications. It should be noted that these suggested sampling devices may 
not be applicable to a user's situation due to waste- or site-specific 
factors. For example, if a waste is highly viscous or if a solid is clay­
like, these properties may preclude the use of certain sampling devices. The 
size and depth of a lagoon or tank, or difficulties associated with accessing 
the waste, may also preclude use of a given device or require modification of 
its deployment. 

The most important factors to consider when choosing containers for 
hazardous waste samples are compatibility with the waste, cost, resistance to 
breakage, and volume. Containers must not distort, rupture, or leak as a 
result of chemical reactions with consitituents of waste samples. Thus, it is 
important to have some idea of the properties and composition of the waste. 
The containers must have adequate wall thickness to withstand handling during 
sample collection and transport to the laboratory. Containers with wide 
mouths are often desirable to facilitate transfer of samples from samplers to 
containers. Also, the containers must be large enough to contain the optimum 
sample volume. 

Containers for collecting and storing hazardous waste samples are usually 
made of plastic or glass. Plastics that are commonly used to make the 
containers include high-density or linear polyethylene (LPE), conventional 
polyethylene, polypropylene, polycarbonate, Teflon FEP (fluorinated ethylene 
propylene), polyvinyl chloride (PVC), or polymethylpentene. Teflon FEP is 
almost universally usable due to its chemical inertness and resistance to 
breakage. However, its high cost severely limits its use. LPE, on the other 
hand, usually offers the best combination of chemical resistance and low cost 
when samples are to be analyzed for inorganic parameters. 
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Waste location or cootainer 

Storage Penis, 

Sacks Open bed Closed- tanks Waste lagoons, Clcrtveyor 

Waste type Drun and bags truck bed truck or bins piles & pits belt Pipe 

Free-~ Coliwasa N/A N/A Coliwasa Weighted N/A Dipper N/A Dipper 

liquids and bot tie 

slurries 

Sludges Trier N/A Trier Trier Trier a a 

Moist Trier Trier Trier Trier Trier Trier Trier SbJvel Dipper 

IX"'ders 
or grarrules 

Dry fO"rlers Thief Thief Thief Thief a Thief Thief Shovel Dipper 

or grarrules 
' 

Sand or Auger Auger Auger Auger Thief Thief a Dipper Dipper 

packed 

IX"''iers 
and grarrules 

large- large large large Large Large Large Large Trier Dipper 

grained Trier Trier Trier Trier Trier Trier Trier 

solids 

"nus type of ~ situation can present significant legis tical sampling probleus, and Sllllpl1ng 

equiJllll!llt DJJSt be specifically selected or designed based en site and ...ste conditions. No general· 

stataDent about appropriate sampling equipnent can be made. 
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Glass containers are relatively inert to most chemicals and can be used 
to collect and store almost all hazardous waste samples, exept those that 
contain strong alkali and hydrofluoric acid. Glass soda bottles are suggested 
due to their low cost and ready availability. Borosilicate glass containers, 
such as Pyrex and Corex, are more inert and more resistant to breakage than 
soda glass, but are expensive and not always readily available. Glass 
containers are generally more fragile and much heavier than plastic 
containers. Glass or FEP containers must be used for waste samples that will 
be analyzed for organic compounds. 

The containers must have tight, screw-type lids. Plastic bottles are 
usually provided with screw caps made of the same material as the bottles. 
Buttress threads are recommended. Cap liners are not usually required for 
plastic containers. Teflon cap liners should be used with glass containers 
supplied with rigid plastic screw caps. (These caps are usually provided with 
waxed paper liners.) Teflon liners may be purchased from plastic specialty 
supply houses (e.g., Scientific Specialties Service, Inc., P.O. Box 352, 
Randallstown, Maryland 21133). Other liners that may be suitable are 
polyethylene, polypropylene, and neoprene plastics. 

If the samples are to be submitted for analysis of volatile compounds, 
the samples must be sealed in air-tight containers. 

Prior to sampling, a detailed equipment list should be compiled. This 
equipment list should be comprehensive and leave nothing to memory. The 
categories of materials that should be considered are: 

1. Personnel equipment, which will include boots, rain gear, disposable 
coveralls, face masks and cartridges, gloves, etc. 

2. Safety equipment, such as portable eyewash stations and a first-aid 
kit. . 

3. Field test equipment, such as pH meters and Draeger tube samplers. 

4. An ample supply of containers to address the fact that once in the 
field, the sampling team may want to collect 50% more samples than 
originally planned or to collect a liquid sample, although the 
sampling plan had specified solids only. 

5. Additional sampling equipment for use if a problem arises, e.g., a 
tool kit. 

6. Shipping and office supplies, such 
chain-of-custody forms and seals, 
tables, scissors, pens, etc. 

Composite Liquid Waste Sampler (Coliwasa) 

as tape, labels, shipping forms, 
field notebooks, random-number 

The Coliwasa is a device employed to sample free-flowing liquids and 
slurries contained in drums, shallow tanks, pits, and similar containers. It 
is especially useful for sampling wastes that consist of several immiscible 
liquid phases. 
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The Coliwasa consists of a glass, plastic, or metal tube equipped with an 
end closure that can be opened and c 1 osed while the tube is submerged in the 
material to be sampled (refer to Figure 9-9). 

Weighted Bottle 

This sampler consists of a glass or plastic bottle, sinker, stopper, and 
a line that is used to lower, raise, and open the bottle. The weighted bottle 
samples liquids and free-flowing slurries. A weighted bottle with line is 
built to the specifications in ASTM Methods D270 and E300. Figure 9-10 shows 
the configuration of a weighted-bottle sampler. 

Dipper 

The dipper consists of a glass or plastic beaker clamped to the end of a 
two- or three-piece telescoping aluminum or fiberglass pole that serves as the 
handle. A dipper samples liquids and free-flowing slurries. Dippers are not 
available commercially and must be fabricated (Figure 9-11). 

Thief 

A thief consists of two slotted concentric tubes, usually made of 
stainless steel or brass. The outer tube has a conical pointed tip that 
permits the sampler to penetrate the material being sampled. The inner tube 
is rotated to open and close the sampler. A thief is used to sample dry 
granules or powdered wastes whose particle diameter is less than one-third the 
width of the slots. A thief (Figure 9-12) is available at laboratory supply 
stores. 

Trier 

A trier consists of a tube cut in half lengthwise with a sharpened tip 
that allows the sampler to cut into sticky solids and to loosen soil. A trier 
samples moist or sticky solids with a particle diameter less than one-half the 
diameter of the trier. Triers 61 to 100 em long and 1.27 to 2.54 em in 
diameter are available at laboratory supply stores. A large trier can be 
fabricated (see Figure 9-13). 

Auger 

An auger consists of sharpened spiral blades attached to a hard metal 
central shaft. An auger samples hard or packed solid wastes or soil. Augers 
are available at hardware and laboratory supply stores. 

Scoops and Shovels 

Scoops and shovels are 
bins, shallow containers, 
laboratory supply houses. 
stores. 

used to sample granular or powdered material in 
and conveyor belts. Scoops are available at 

Flat-nosed shovels are available at hardware 
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Fl!ilure G-11. Composite liquid waste sampler (Coliwasa). 
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Figure 9-12. Thief sampler. 
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Figure 9-13. Sampling triers. 
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Bailer 

The bailer is employed for sampling well water. It consists of a 
container attached to a cable that is lowered into the well to retrieve a 
sample. Bailers can be of various designs. The simplest is a weighted bottle 
or basally capped length of pipe that fills from the top as it is lowered into 
the well. Some bailers have a check valve, located at the base, which allows 
water to enter from the bottom as it is lowered into the well. When the 
bailer is lifted, the check valve closes, allowing water in the bailer to be 
brought to the surface. More sophisticated bailers are available that remain 
open at both ends while being lowered, but can be sealed at both top and 
bottom by activating a triggering mechanism from the surface. This allows 
more reliable sampling at discrete depths within a well. Perhaps the best­
known bailer of this latter design is the Kemmerer sampler. 

Bailers generally provide an excellent means for collecting samples from 
monitoring wells. They can be constructed from a wide variety of materials 
compatible with the parameter of interest. Because they are relatively 
inexpensive, bailers can be easily dedicated to an individual well to minimize 
cross contamination during sampling. If not dedicated to a well, they can be 
easily cleaned to prevent cross contamination. Unfortunately, bailers are 
frequently not suited for well evacuation because of their small volume. 

Suction Pumps 

As the name implies, suction pumps operate by creating a partial vacuum 
in a sampling tube. This vacuum allows the pressure exerted by the atmosphere 
on the water in the well to force water up the tube to the surface. 
Accordingly, these pumps are located at the surface and require only that a 
transmission tube be lowered into the well. Unfortunately, their use is 
limited by their reliance on suction to depths of 20 to 25ft, depending on 
the pump. In addition, their use may result in out-gassing of dissolved gases 
or volatile organics and is therefore limited in many sampling applications. 
In spite of this, suction methods may provide a suitable means for well 
evacuation because the water remaining in the well is left reasonably 
undisturbed. 

A variety of pumps that operate on this principle are available, but the 
ones most commonly suggested for monitoring purposes are the centrifugal and 
peristaltic pumps. In the centrifugal pump, the fluid is displaced by the 
action of an impeller rotating inside the pump chamber. This discharges water 
by centrifugal force. The resulting pressure drop in the chamber creates a 
suction and causes water to enter the intake pipe in the well. These pumps 
can provide substantial yields and are readily available and inexpensive. The 
disadvantages are that they require an external power source and may be 
difficult to clean between sampling events. In addition, the materials with 
which these pumps are constructed may frequently be incompatible with certain 
sample constituents. However, their substantial pumping rates make them 
suitable for well evacuation. 

NINE - 56 
Revision 0 
Date September 1986 



Peristaltic pumps operate in a manner similar to centrifugal pumps but 
displace the fluid by mechanical peristalsis. A flexible transmission line is 
mounted around the perimeter of the pump chamber, and rotating rollers 
compress the tubing, forcing fluid movement ahead (the peristaltic effect) and 
inducing suction behind each roller. This design isolates the sample from the 
moving part of the pump and allows for easy cleaning by removal and 
replacement of the flexible tubing. Unfortunately, peristaltic pumps are 
generally capable of providing only relatively low yields. They are, 
therefore, not ideally suited to well evacuation. 

Positive Displacement Pumps 

A variety of positive displacement pumps are available for use in with­
drawing water from wells. These methods utilize some pumping mechanism, 
placed in the well, that forces water from the bottom of the well to the 
surface by some means of positive displacement. This minimizes the potential 
for aerating or stripping volatile organics from the sample during removal 
from the we 11 • 

The submersible centrifugal pump is one common example of a positive 
displacement pump. It works in a manner similar to the centrifugal suction 
lift pump previously described, except that, in this case, both the pump and 
electric motor are lowered into the well. As the impeller rotates and fluid 
is brought into the pump, fluid is displaced up the transmission line and out 
of the well. These pumps are capable of providing a high yield. However, 
they require an external source of power and are frequently constructed with 
materials and contain lubricants incompatible with certain sample 
constituents, particularly organics. They also require considerable equipment 
and effort to move from well to well. Cleaning between sampling events is 
difficult as well, and, until recently, they have not been available for well 
diameters smaller than 3 in. 

Piston-driven or reciprocating piston pumps are another example of common 
positive displacement pumps. These pumps consist of a piston in a submerged 
cylinder operated by a rod connected to the drive mechanism at the surface. A 
flap valve or ball-check valve is located immediately above or below the 
piston cylinder. As the piston is lowered in the cylinder, the check valve 
opens, and water fills the chamber. On the upstroke, the check valve closes, 
and water is forced out of the cylinder, up into the transmission line, and to 
the surface. The transmission line or piston contains a second check valve 
that closes on the downstroke, preventing water from re-entering the cylinder. 
These pumps are capable of providing high yields. However, moving these pumps 
from well to well is difficult, and their use in monitoring programs may 
require that a pump be dedicated to each well. Many of these pumps may not be 
constructed with materials compatible with monitoring certain constituents. 

A special adaptation of this pump has recently become available for use 
in ground water monitoring. These piston pumps use compressed gas, rather 
than a rod connected to a driving mechanism at the surface, to drive the 
pistons. This provides a much more convenient and portable means for 
collecting samples from monitoring wells. Compressed-gas pumps provide good 
yields and can be constructed with materials compatible with many sampling 
programs. 

NINE - 57 
Revision 0 

---;-"--:-:= Date September 1986 



Another positive displacement pump applicable for monitoring purposes is 
the gas-operated squeeze pump. This pump was originally developed by R. F. 
Middleburg of the U.S.G.S. and consequently is referred to as the Middleburg 
pump. It consists principally of a collapsible membrane inside a long, rigid 
housing, a compressed gas supply, and appropriate control valves. When the 
pump is submerged, water enters the collapsible membrane through the bottom 
check valve. After the membrane has filled, gas pressure is applied to the 
annular space between the rigid housing and membrane, forcing the water upward 
through a sampling tube. When the pressure is released, the top check valve 
prevents the sample from flowing back down the discharge line, and water from 
the well again enters the pump through the bottom check valve. 

Gas-operated squeeze pumps offer a number of advantages for use in ground 
water monitoring programs. They can be constructed in diameters as small as 1 
in. and from a wide variety of materials. They are also relatively portable 
and are capable of providing a fair range of pumping rates. Most important, 
the driving gas does not contact the water sample, so that possible 
contamination or gas stripping does not occur. However, they do require a gas 
source, and withdrawal of water from substantial depths may require large gas 
volumes and long pumping cycles. 

Jet pumps, a common type of submersible pump used in small domestic water 
wells, may in some cases be suggested for use in monitoring wells. These 
pumps operate by injecting water through a pipe down into the well. A venturi 
device is located at the intake portion of the pump. As the water injected 
from the surface passes through the constricted portion of the venturi, the 
velocity increases and pressures decrease according to Bernoulli's principle. 
If the discharge velocity at the nozzle is great enough, the pressure at this 
point will be lowered sufficiently to draw water into the venturi assembly 
through the intake and to bring it to the surface with the original water 
injected into the well. This additional increment. of water is then made 
available at the surface as the pump's output. Because jet pumps require 
priming with water and because the water taken from the well mixes with water 
circulating in the system, they are clearly not applicable to collecting 
samples for monitoring purposes. For similar reasons, their use is not 
recommended for well evacuation. 

Pressure-Vacuum Lysimeters 

The basic construction of pressure-vacuum lysimeters (Wood, 1973), shown 
in Figure 9-14, consists of a porous ceramic cup, with a bubbling pressure of 
1 bar or greater, attached to a short piece of PVC pipe of suitable diameter. 
Two tubes extend down into the device, as illustrated. Data by Silkworth and 
Grigal (1981) indicate that, of the two commercially available sampler sizes 
(2.2 and 4.8 em diameter), the larger ceramic cup sampler is more reliable, 
influences water quality less, and yields samples of suitable volume for 
analysis. 

Detailed installation instructions for pressure-vacuum lysimeters are 
given by Parizek and Lane (1970). Significant modification may be necessary 
to adapt these inst:uments to field use when heavy equipment is used. To 
prevent channelling of contaminated surface water directly to the sampling 
device, the sampler may be installed in the side wall of an access trench. 
Because random placement procedures may locate a sampler in the middle of an 
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Figure 9-14. One example of a pressure-vacuum lysimeter (Wood, 1973). 

Reprinted by permission of the American Geophysical Union. 
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active area, the sample collection tube should be protected at the surface 
from heavy equipment by a manhole cover, brightly painted steel cage, or other 
structure. Another problem associated with such sampler placement is that its 
presence may alter waste management activities (i.e., waste applications, 
tilling, etc., will avoid the location); therefore, the sampler may not yield 
representative leachate samples. This problem may be avoided by running the 
collection tube horizontally underground about 10m before surfacing. 

For sampling after the unit is in place, a vacuum is placed on the system 
and the tubes are clamped off. Surrounding soil water is drawn into the 
ceramic cup and up the polyethylene tube. To collect the water sample, the 
vacuum is released, and one tube is placed in a sample container. Air 
pressure is applied to the other tube, forcing the liquid up the tube and into 
the sample container. Preliminary testing should ensure that waste products 
can pass into the ceramic cup. If sampling for organics, an inert tubing, 
such as one made of Teflon, should be substituted for the polyethylene pipe to 
prevent organic contamination. 

The major advantages of these sampling devices are that they are easily 
available, relatively inexpensive to purchase and install, and quite reliable. 
The major disadvantage is the potential for water quality alterations due to 
the ceramic cup; this possible problem requires further testing. For a given 
installation, the device chosen should be specifically tested using solutions 
containing the soluble hazardous constituents of the waste to be land treated. 
This device is not recommended for volatiles unless a special trap device is 
used (Hazardous Waste Land Treatment, SW-874). 

Vacuum Extractor 

Vacuum extractors were developed by Duke and Haise (1973) to extract 
moisture from soils above the ground water table. The basic device consists 
of a stainless steel trough that contains ceramic tubes packed in soil. The 
unit is sized not to interfere with ambient soil water potentials (Corey, 
1974); it is installed at a given depth in the soil with a slight slope toward 
the collection bottle, which is in the bottom of an adjacent access hole. The 
system is evacuated and moisture is moved from the adjacent soil into the 
ceramic tubes and into the collection bottle, from which it can be withdrawn 
as desired. The advantage of this system is that it yields a quantitative 
estimate of leachate flux as well as provides a water sample for analysis. 
The volume of collected leachate per unit area per unit time is an estimate of 
the downward movement of leachate water at that depth. The major 
disadvantages to this system are: it is delicate; it requires a trained 
operator; it estimates leachate quantity somewhat lower than actual field 
drainage; and it disturbs the soil above the sampler. Further details about 
the use of the vacuum extractor are given by Trout et al. (1975). Performance 
of this device when installed in clay soils is generally poor. 
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Trench Lysimeters 

Trench lysimeters are named for the large access trench, or caisson, 
necessary for operation. Basic installation, as described by Parizek and Lane 
(1970), involves excavating a rather large trench and shoring up the side 
walls, taking care to leave open areas so that samplers can be placed in the 
side walls. Sample trays are imbedded in the side walls and connected by 
tubing to sample collection containers. The entire trench area is then 
covered to prevent flooding. One significant danger in using this system is 
the potential for accumulation of hazardous fumes in the trench, possibly 
endangering the health and safety of the person collecting the samples. 

Trench lysimeters function by intercepting downward-moving water and 
diverting it into a collection device located at a lower elevation. The 
intercepting agent may be an open-ended pipe, sheet metal trough, pan, or 
other similar device. Pans 0.9 to 1.2 m in diameter have been successfully 
used in the field by Tyler and Thomas (1977). Because there is no vacuum 
applied to the system, only free water in excess of saturation is sampled. 
Consequently, samples are plentiful during rainy seasons but are nonexistent 
during the dry season. 

Another variation of this system is to use a funnel filled with clean 
sand inserted into the sidewall of the trench. Free water will drain into a 
collection chamber, from which a sample is periodically removed by vacuum. A 
small sample collection device such as this may be preferable to the large 
trench because the necessary hole is smaller, so that installation is easier 
(Figure 9-15). 

9.2.2.5 Quality Assurance and Quality Control 

Quality assurance (QA) can briefly be defined as the process for ensuring 
that all data and the decisions based on these data are technically sound, 
statistically valid, and properly documented. Quality control (QC) procedures 
are the tools employed to measure the degree to which these quality assurance 
objectives are met. 

A data base cannot be properly evaluated for accuracy and precision 
unless it is accompanied by quality assurance data. In the case of waste 
evaluation, these quality assurance data result from the implementation of 
quality control procedures during sampling and analysis. Quality control 
requirements for specific analytical methods are given in detail in each 
method in this manual; in this subsection, quality assurance and quality 
control procedures for sampling will be discussed. 

Quality control procedures that are employed to document the accuracy and 
precision of sampling are: 

1. Trip Blanks: Trip blanks should accompany sample containers to and 
from the field. These samples can be used to detect any contami­
nation or cross-contamination during handling and transportation. 

2. Field Blanks: Field blanks should be collected at specified 
frequencies, which will vary according to the probability of 
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Figure 9·15. Schematic diagra: · of a sand filled funnel used to collect 
leachate from the unsaturated zone. 
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contamination or cross-contamination. Field blanks are often metal­
and/or organic-free water aliquots that contact sampling equipment 
under field conditions and are analyzed to detect any contamination 
from sampling equipment, cross contamination from previously 
collected samples, or contamination from conditions during sampling 
(e.g., airborne contaminants that are not from the waste being 
sampled). 

3. Field Duplicates: Field duplicates are collected at specified 
frequencies and are employed to document precision. The precision 
resulting from field duplicates is a function of the variance of 
waste composition, the variance of the sampling technique, and the 
variance of the analytical technique. 

4. Field Spikes: Field spikes are infrequently used to determine the 
loss of parameters of interest during sampling and shipment to the 
laboratories. Because spiking is done in the field, the making of 
spiked samples or spiked blanks is susceptible to error. In 
addition, compounds can be lost during spiking, and equipment can be 
contaminated with spiking solutions. To eliminate these and other 
problems, some analysts spike blanks or matrices similar to the 
waste in the laboratory and ship them, along with sample containers, 
to the field. This approach also has its limitation because the 
matrix and the handling of the spike are different from those of the 
actual sample. In all cases, the meaning of a low field-spike 
recovery is difficult to interpret, and thus, field spikes are not 
commonly used. 

In addition to the above quality control samples, a complete quality 
assurance program will ensure that standard operating procedures (SOPs) exist 
for all essential aspects of a sampling effort. SOPs should exist for the 
following steps in a sampling effort: 

1. Definition of objectives (refer to Section 9.2.1). 

2. Design of sampling plans (refer to Section 9.2.2). 

3. Preparation of containers and equipment (refer to the specific 
analytical methods). 

4. Maintenance, calibration, and cleaning of field equipment (refer to 
instrument manuals or consult a chemist for cleaning protocols). 

5. Sample preservation, packaging, 
analytical methods and to Section 9.2.2.7). 

and shipping (refer to the 

6. Health and safety protocols (refer to Section 9.2.2.6}. 

7. Chain-of-custody protocols (refer to Section 9.2.2.7). 

In addition to the above protocols, numerous other QA/QC protocols must 
be employed to document the accuracy of the analytical portion of a waste 
evaluation program. 
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9.2.2.5 Health and Safety 

Safety and health must also be considered when implementing a sampling 
p 1 an. A comprehensive health and safety p 1 an has three basic e 1 ements: (1) 
monitoring the health of fie 1 d personne 1; (2) routine safety procedures; and 
(3) emergency procedures. 

Employees who perform field work, as well as those exposed to chemicals 
in the laboratory, should have a medical examination at the initiation of 
employment and routinely thereafter. This exam should preferably be performed 
and evaluated by medical doctors who specialize in industrial medicine. Some 
examples of parts of a medical examination that ought to be performed are: 
documentation of medical history; a standard physical exam; pulmonary 
functions screening; chest X-ray; EKG; urinalysis; and blood chemistry. These 
procedures are useful to: (1) document the quality of an employee's health at 
the time of matriculation; (2) ensure the maintenance of good health; and (3) 
detect early signs of bodily reactions to chemical exposures so they can be 
treated in a timely fashion. Unscheduled examinations should be performed in 
the event of an accident, illness, or exposure or suspected exposure to toxic 
materials. 

Regarding safety procedures, personnel should be aware of the common 
routes of exposure to chemicals (i.e., inhalation, contact, and ingestion) and 
be instructed in the proper use of safety equipment, such as Draeger tube air 
samplers to detect air contamination, and in the proper use of protective 
clothing and respiratory equipment. Protocols should also be defined stating 
when safety equipment should be employed and designating safe areas where 
facilities are available for washing, drinking, and eating. 

Even when the utmost care is taken, an emergency situation can occur as a 
result of an unanticipated explosion, electrical hazard, fall, or exposure to 
a hazardous substance. To minimize the impact of an emergency, field 
personnel should be aware of basic first aid and have immediate access to a 
first-aid kit. Phone numbers for both police and the nearest hospital should 
be obtained and kept by each team member before entering the site. Directions 
to the nearest hospital should also be obtained so that anyone suffering an 
injury can be transported quickly for treatment. 

9.2.2.7 Chain of Custody 

An essential part of any sampling/analytical scheme is ensuring the 
integrity of the sample from collection to data reporting. The possession and 
handling of samples should be traceable from the time of collection through 
analysis and final disposition. This documentation of the history of the 
sample is referred to as chain of custody. 

Chain of custody is necessary if there is any possibility that the 
analytical data or conclusions based upon analytical data will be used in 
litigation. In cases where litigation is not involved, many of the chain-of­
custody procedures are still useful for routine control of sample flow. The 
components of chain of custody -- sample seals, a field logbook, chain-of­
custody record, and sample analysis request sheet -- and the procedures for 
their use are described in this section. 
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A sample is considered is considered to be under a person's custody if it 
is (1) in a person's physical possession, (2} in view of the person after 
taking possession, and (3) secured by that person so that no one can tamper 
with it, or secured by that person in an area that is restricted to authorized 
personnel. A person who has samples in custody must comply with the following 
procedures. 

(The material presented here briefly summarizes the major aspects of 
chain of custody. The reader is referred to NEIC Policies and Procedures, 
EPA-330/9/78/001-R [as revised 1/82], or other manual, as appropriate, for 
more information.) 

Sample labels (Figure 9-16) are necessary to prevent misidentification of 
samples. Gummed paper labels or tags are adequate and should include at least 
the following information: 

Sample number. 
Name of collector. 
Date and time of collection. 
Place of collection. 

Labels should be affixed to sample containers prior to or at the time of 
sampling and should be filled out at the time of collection. 

Sample seals are used 
following sample collection up 
may be used for this purpose. 
following information: 

to detect unauthorized tampering of samples 
to the time of analysis. Gummed paper seals 

The paper seal should include, minimally, the 

Sample number. (This number must be identical with the number on the 
sample label.) 

Name of collector. 
Date and time of sampling. 
Place of collection. 

The seal must be attached in such a way that it is necessary to break it 
in order to open the sample container. (An example of an official sample seal 
is shown in Figure 9-17.) Seals must be affixed to containers before the 
samples leave the custody of sampling personnel. 

All information pertinent to a field survey or sampling must be recorded 
in a logbook. This should be bound, preferably with consecutively numbered 
pages that are 21.6 by 27.9 em (8-1/2 by 11 in.). At a minimum, entries in 
the logbook must include the following: 

Location of sampling point. 
Name and address of field contact. 
Producer of waste and address, if different from location. 
Type of process producing waste (if known). 
Type of waste (e.g., sludge, wastewater). 
Suspected waste composition, including concentrations. 
Number and volume of sample taken. 
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Collector ------------- Sample No.---------

Place of Call ection ------------------------

Date Sampled------------ T1me Sampled-------­

Field Information -------------------------

Figure 9-16. Example of Sample Label 
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NAME AND ADDRESS OF ORGANIZATION COllECTING SAMPLES 

Person Collecting Sample ---:;--:---,----,,------Sample No. ___ _ 
(signature) 

Date Collected------------ Time Collected _____ _ 

Place Collected ------------------------

Figure 9-17. Example of Official Sample Seal 
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Purpose of sampling (e.g., surveillance, contract number). 
Description of sampling point and sampling methodology. 
Date and time of collection. 
Collector's sample identification number(s). 
Sample distribution and how transported (e.g., name of laboratory, UPS, 

Federal Express). 
References, such as maps or photographs of the sampling site. 
Field observations. 
Any field measurements made (e.g., pH, flammability, explosivity). 
Signatures of personnel responsible for observations. 

Sampling situations vary widely. No general rule can be given as to the 
extent of information that must be entered in the logbook. A good rule, 
however, is to record sufficient information so that anyone can reconstruct 
the sampling without reliance on the collector's memory. The logbook must be 
stored safely. 

To establish the documentation necessary to trace sample possession from 
the time of collection, a chain-of-custody record should be filled out and 
should accompany every sample. This record becomes especially important if 
the sample is to be introduced as evidence in a court litigation. (A chain­
of-custody record is illustrated in Figure 9-18.) 

The record should contain, minimally, the following information: 

Sample number. 
Signature of collector. 
Date and time of collection. 
Place and address of collection. 
Waste type. 
Signature of persons involved in the chain of possession. 
Inclusive dates of possession. 

The sample analysis request sheet (Figure 9-19) is intended to accompany 
the sample on delivery to the laboratory. The field portion of this form is 
completed by the person collecting the sample and should include most of the 
pertinent information noted in the logbook. The laboratory portion of this 
form is intended to be completed by laboratory personnel and to include, 
minimally: 

Name of person receiving the sample. 
Laboratory sample number. 
Date and time of sample receipt. 
Sample allocation. 
Analyses to be performed. 

The sample should be delivered to the laboratory for analysis as soon as 
practicable-- usually within 1 or 2 days after sampling. The sample must be 
accompanied by the chain-of-custody record (Figure 9-18) and by a sample 
analysis request sheet (Figure 9-19). The sample must be delivered to the 
person in the laboratory authorized to receive samples (often referred to as 
the sample custodian). 
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SAMPLING ANALYSIS REQUEST 

Part I: Field Section 

Collector Date Sampled T1me hours 

Affiliation of Sampler 

Address 
nuriiber street city state zip 

Telephone Company Contact 

LABORATORY 
SAMPLE COLLECTOR'S TYPE OF 
NUMBER SAMPLE NO. SAMPLE* FIELD INFORMATION** 

Analysis Requested ------------------------

Special Handling and/or Storage-------------------

PART II: LABORATORY SECTION** 

Received by----------- Title------ Date ___ _ 

Analysis Required -----------------------

*Indicate whether sample is soil, sludge, etc. 
**Use back of page for additional information relative to sample location. 

Figure 9-19. Example of hazardous waste sample analysis sheet. 
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Once the sample has been received in the laboratory, the supervisor or 
his/her assignee is responsible for its care and custody. That person should 
be prepared to testify that the sample was in his/her possession or secured in 
the laboratory at all times, from the moment it was received from the 
custodian until the analyses were performed. 

9.2.3 Sample Plan Implementation 

Prior to implementing a sampling plan, it is often strategic to walk 
through the sampling plan mentally, starting with the preparation of equipment 
until the time when samples are received at the laboratory. This mental 
excursion should be in as much detail as can be imagined, because the small 
details are the ones most frequently overlooked. By employing this technique, 
items not included on the equipment list may be discovered, as well as any 
major oversight that could cause the sampling effort to fail. During this 
review of the sampling plan, an attempt should be made to anticipate what 
could go wrong. A solution to anticipated problems should be found, and, if 
necessary, materials needed for solving these problems should be added to the 
equipment list. 

The remainder of this section discusses examples of sampling strategies 
for different situations that may be encountered. 

Containers 

Prior to discussing the sampling of containers, the term must be defined. 
The term container, as used here, refers to receptacles that are designed for 
transporting materials, e.g., drums and other smaller receptacles, as opposed 
to stationary tanks. Weighted bottles, Coliwasas, drum thiefs, or triers are 
the sampling devices that are chosen for the sampling of containers. (See 
Section 9.2.2.4 for a full discussion of sampling equipment.) 

The sampling strategy for containers varies according to (1) the number 
of containers to be sampled and (2) access to the containers. Ideally, if the 
waste is contained in several containers, every container will be sampled. If 
this is not possible due to the large number of containers or to cost factors, 
a subset of individual containers must be randomly selected for sampling. 
This can be done by assigning each container a number and then randomly 
choosing a set of numbers for sampling. 

Access to a container will affect the number of samples that can be taken 
from the container and the location within the container from which samples 
can be taken. Ideally, several samples should be taken from locations 
displaced both vertically and horizontally throughout the waste. The number 
of samples required for reliable sampling will vary depending on the 
distribution of the waste components in the container. At a minimum with an 
unknown waste, a sufficient number and distribution of samples should be taken 
to address any possible vertical anomalies in the waste. This is because 
contained wastes have a much greater tendency to be nonrandomly heterogeneous 
in a vertical rather than a horizontal direction due to (1) settling of solids 
and the denser phases of liquids and (2) variation in the content of the waste 
as it enters the container. Bags, paper drums, and open-headed steel drums 
(of which the entire top can be removed) generally do not restrict access to 
the waste and therefore do not limit sampling. 
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When access to a container is unlimited, a useful strategy for obtaining 
a representative set of samples is a three-dimensional simple random sampling 
strategy in which the container is divided by constructing an imaginary three­
dimensional grid (see Figure 9-20), as follows. First, the top surface of the 
waste is divided into a grid whose sections either approximate the size of the 
sampling device or are larger than the sampling device if the container is 
large. (Cylindrical containers can be divided into imaginary concentric 
circles, which are then further divided into grids of equal size.) Each 
section is assigned a number. The height of the container is then divided 
into imaginary levels that are at least as large as the vertical space 
required by the chosen sampling device. These imaginary levels are then 
assigned numbers. Specific levels and grid locations are then selected for 
sampling using a random-number table or random-number generator. (An 
alternative means of choosing random sampling locations using circumference 
and diameter dimensions is discussed in Section 9.2.2.1.) 

Another appropriate sampling approach is the two-dimensional simple 
random sampling strategy, which can usually yield a more precise sampling when 
fewer samples are collected. This strategy involves (1) dividing the top 
surface of the waste into an imaginary grid as in the three-dimensional 
strategy, (2) selecting grid sections for sampling using random-number tables 
or random-number generators, and (3) sampling each selected grid point in a 
vertical manner along the entire length from top to bottom using a sampling 
device such as a drum thief or Coliwasa. 

Some containers, such as drums with bung openings, limit access to the 
contained waste and restrict sampling to a single vertical plane. Samples 
taken in this manner can be considered representative of the entire container 
only if the waste is known to be homogeneous or if no horizontal 
stratification has occurred. Precautions must be taken when sampling any type 
of steel drum because the drum may explode or expel gases and/or pressurized 
liquids. An EPA/NEIC manual, "Safety Manual for Hazardous Waste Site 
Investigation," addresses these safety precautions. 

Tanks --
Tanks are essentially large containers. The considerations involved in 

sampling tanks are therefore similar to those for sampling containers. As 
with containers, the goal of sampling tanks is to acquire a sufficient number 
of samples from different locations within the waste to provide analytical 
data that are representative of the entire tank contents. 

The accessibility of the tank contents will affect the sampling 
methodology. If the tank is an open one, allowing unrestricted access, then 
usually a representative set of samples is best obtained using the three­
dimensional simple random sampling strategy, as described for containers (see 
also Section 9.2.2.1). This strategy involves dividing the tank contents into 
an imaginary three-dimensional grid. As a first step, the top surface of the 
waste is divided into a grid whose sections either approximate the size of the 
sampling device or are larger than the sampling device if the tank is large. 
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Any material that is identified in the DOT Hazardous Material 
CFR 172.101} must be transported as prescribed in the table. 
hazardous waste samples must be transported as follows: 

Table (49 
All other 

1. Collect sample in a 16-oz or smaller glass or polyethylene container 
with nonmetallic Teflon-lined screw cap. For liquids, allow 
sufficient air space (approximately 10% by volume) so that the 
container is not full at 54"C (130"F). If collecting a solid 
material, the container plus contents should not exceed 1 lb net 
weight. If sampling for volatile organic analysis, fill VOA 
container to septum but place the VOA container inside a 16-oz or 
smaller container so that the required air space may be provided. 
Large quantities, up to 3.785 liters (1 gal), may be collected if 
the sample's flash point is 23"C (75"F) or higher. In this case, 
the flash point must be marked on the outside container (e.g., 
carton or cooler), and shipping papers should state that "Flash 
point is 73"F or higher." 

2. Seal sample and place in a 4-mil-thick polyethylene bag, one sample 
per bag. 

3. Place sealed bag inside a metal can with noncombustible, absorbent 
cushioning material (e.g., vermiculite or earth) to prevent 
breakage, one bag per can. Pressure-close the can and use clips, 
tape, or other positive means to hold the lid securely. 

4. Mark the can with: 

Name and address of originator. 
"Flammable Liquid, N.O.S. UN 1993." 
(or, "Flammable Solid, N.O.S. UN 1325".) 

NOTE: UN numbers are now required in proper shipping names. 

5. Place one or more metal cans in a 
picnic cooler or fiberboard box. 
hazardous waste site samples. 

strong outside container such as a 
Preservatives are not used for 

6. Prepare for shipping: The words "Flammable Liquid, N.O.S. UN 1993" 
or "Flammable Solid, N.O.S. UN 1325"; "Cargo Aircraft Only" (if more 
than 1 qt net per outside package); "Limited Quantity" or "Ltd. 
Qty. "; "Laboratory Samples"; "Net Weight " or "Net Vo 1 ume " 
(of hazardous contents) should be indicated on shipping papers and 
on the outside of the outside shipping container. The words "This 
Side Up" or "This End Up" should also be on container. Sign the 
shipper certification. 
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7. Stand by for possible carrier requests to open outside containers 
for inspection or to modify packaging. (It is wise to contact 
carrier before packing to ascertain local packaging requirements.) 
Remain in the departure area until the carrier vehicle (aircraft, 
truck, etc.) is on its way. 

At the laboratory, a sample custodian should be assigned to receive the 
samples. Upon receipt of a sample, the custodian should inspect the condition 
of the sample and the sample seal, reconcile the information on the sample 
label and seal against that on the chain-of-custody record, assign a 
laboratory number, log in the sample in the laboratory logbook, and store it 
in a secured sample storage room or cabinet until it is assigned to an analyst 
for analysis. 

The sample custodian should inspect the sample for any leakage from the 
container. A leaky container containing a multiphase sample should not be 
accepted for analysis. This sample will no longer be a representative sample. 
If the sample is contained in a plastic bottle and the container walls show 
that the sample is under pressure or releasing gases, the sample should be 
treated with caution because it may be explosive or release extremely 
poisonous gases. The custodian should examine whether the sample seal is 
intact or broken, because a broken seal may mean sample tampering and would 
make analysis results inadmissible as evidence in court. Any discrepancies 
between the information on the sample label and seal and the information that 
is on the chain-of-custody record and the sample analysis request sheet should 
be resolved before the sample is assigned for analysis. This effort might 
require communication with the sample collector. Results of the inspection 
should be noted on the sample analysis request sheet and on the laboratory 
sample logbook. 

Incoming samples usually carry the inspector's or collector's 
identification numbers. To identify these samples further, the laboratory 
should assign its own identification numbers, which normally are given 
consecutively. Each sample should be marked with the assigned laboratory 
number. This number is correspondingly recorded on a laboratory sample log 
book along with the information describing the sample. The sample information 
is copied from the sample analysis request sheet and cross-checked against 
that on the sample label. 

In most cases, the laboratory supervisor assigns the sample for analysis. 
The supervisor should review the information on the sample analysis request 
sheet, which now includes inspection notes recorded by the laboratory sample 
custodian. The technician assigned to analysis should record in the 
laboratory notebook the identifying information about the sample, the date of 
receipt, and other pertinent information. This record should also include the 
subsequent testing data and calculations. The sample may have to be split 
with other laboratories in order to obtain all the necessary analytical 
information. In this case, the same type of chain-of-custody procedures must 
be employed while the sample is being transported and at the other laboratory. 
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Figure 9-20. Container divided into an imaginary three-dimensional grid. 
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(Cylindrical tanks can be divided into imaginary concentric circles, which are 
then further divided into grids of equal size.) Each section is assigned a 
number. The height of the tank is then divided into imaginary levels that are 
at least as large as the vertical space required by the chosen sampling 
device. These imaginary level~ are assigned numbers. Specific levels and 
grid locations are then selected for sampling using a random-number table or 

random-number generator. 

A less comprehensive sampling approach may be appropriate if information 
regarding the distribution of waste components is known or assumed (e.g., if 
vertical compositing will yield a representative sample). In such cases, a 
two-dimensional simple random sampling strategy may be appropriate. In this 
strategy, the top surface of the waste is divided into an imaginary grid; grid 
sections are selected using random-number tables or random-number generators; 
and each selected grid point is then sampled in a vertical manner along the 
entire length from top to bottom using a sampling device such as a weighted 
bottle, a drum thief, or Coliwasa. If the waste is known to consist of two or 
more discrete strata, a more precise representation of the tank contents can 
be obtained by using a stratified random sampling strategy, i.e., by sampling 
each stratum separately using the two- or three-dimensional simple random 
sampling strategy. 

Some tanks permit only limited access to their contents, which restricts 
the locations within the tank from which samples can be taken. If sampling is 
restricted, the sampling strategy must, at a minimum, take sufficient samples 
to address the potential vertical anomalies in the waste in order to be 
considered representative. This is because contained wastes tend to display 
vertical, rather than horizontal, nonrandom heterogeneity due to settling of 
suspended solids or denser liquid phases. If access restricts sampling to a 
portion of the tank contents (e.g., in an open tank, the size of the tank may 
restrict sampling to the perimeter of the tank; in a closed tank, the only 
access to the waste may be through inspection ports), then the resulting 
analytical data will be deemed representative only of the accessed area, not 
of the entire tank contents unless the tank contents are known to be 
homogeneous. 

If a limited access tank is to be sampled, and little is known about the 
distribution of components within the waste, a set of samples that is 
representative of the entire tank contents can be obtained by taking a series 
of samples as the tank contents are being drained. This should be done in a 
simple random manner by estimating how long it will take to drain the tank and 
then randomly selecting times during drainage for sampling. 

The most appropriate type of sampling device for tanks depends on the 
tank parameters. In general, subsurface samplers (i.e., pond samplers) are 
used for shallow tanks, and weighted bottles are usually employed for tanks 
deeper than 5 ft. Dippers are useful for sampling pipe effluents. 
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Waste Piles 

In waste piles, the accessibility of waste for sampling is usually a 
function of pile size, a key factor in the design of a sampling strategy for a 
waste pile. Ideally, piles containing unknown wastes should be sampled using 
a three-dimensional simple random sampling strategy. This strategy can be 
employed only if all points within the pile can be accessed. In such cases, 
the pile should be divided into a three-dimensional grid system, the grid 
sections assigned numbers, and the sampling points then chosen using random­
number tables or random-number generators. 

If sampling is limited to certain portions of the pile, then the 
collected sample will be representative only of those portions, unless the 
waste is known to be homogeneous. 

In cases where the size of a pile impedes access to the waste, a set of 
samples that are representative of the entire pile can be obtained with a 
minimum of effort by scheduling sampling to coincide with pile removal. The 
number of truckloads needed to remove the pile should be estimated and the 
truckloads randomly chosen for sampling. 

The sampling devices most commonly used for small piles are thiefs, 
triers, and shovels. Excavation equipment, such as backhoes, can be useful 
for sampling medium-sized piles. 

landfills and Lagoons 

Landfills contain primarily solid waste, whereas 1agooned waste may range 
from liquids to dried sludge residues. lagooned waste that is either liquid 
or semisolid is often best sampled using the methods recommended for large 
tanks. Usually, solid wastes contained in a landfill or lagoon are best 
sampled using the three-dimensional random sampling strategy. 

The three-dimensional random sampling strategy involves establishing an 
imaginary three-dimensional grid of sampling points in the waste and then 
using random-number tables or random-number generators to select points for 
sampling. In the case of landfills and lagoons, the grid is established using 
a survey or map of the area. The map is divided into two two-dimensional 
grids with sections of equal size. (An alternative way of choosing random 
sampling locations is presented in the second example described in Section 
9.2.2.1.) These sections are then assigned numbers sequentially. 

Next, the depth to which sampling will take place is determined and 
subdivided into equal levels, which are also sequentially numbered. (The 
lowest sampling depth will vary from landfill to landfill. Usually, sampling 
extends to the interface of the fill and the natural soils. If soil 
contamination is suspected, sampling may extend into the natural soil.) The 
horizontal and vertical sampling coordinates are then selected using random­
number tables or random-number generators. If some information is known about 
the nature of the waste, then a modified three-dimensional strategy may be 
more appropriate. For example, if the landfill consists of several cells, a 
more precise measurement may be obtained by considering each cell as a stratum 
and employing a stratified three-dimensional random sampling strategy (see 
Section 9.1). 

NINE - 77 
Revision 0 
Date Sept-em'b-e~r~l~9~8~6 



Hollow-stem augers combined with split-spoon samplers are frequently 
appropriate for sampling landfills. Water-driven or water-rinsed coring 
equipment should not be used for sampling because the water can rinse chemical 
components from the sample. Excavation equipment, such as backhoes, may be 
useful in obtaining samples at various depths; the resulting holes may be 
useful for viewing and recording the contents of the landfill. 

9.2.4 Sample Compositing 

The compositing of samples, is usually done for cost-saving reasons, 
involves the combining of a number of samples or aliquots of a number of 
samples collected from the same waste. The disadvantage of sample compositing 
is the loss of concentration variance data, whereas the advantage is that, for 
a given analytical cost, a more representative (i.e., more accurate) sample is 
obtained. 

It is usually most expedient and cost effective to collect component 
samples in the field and to composite aliquots of each sample later in the 
laboratory. Then, if after reviewing the data any questions arise, the 
samples can be recomposited in a different combination, or each component 
sample can be analyzed separately to determine better the variation of waste 
composition over time and space, or to determine better the precision of an 
average number. The fact that this recompositing of samples can occur without 
the need to resample often results in a substantial cost savings. 

To ensure that recompositing can be done at a later date, it is essential 
to collect enough sample volume in the field so that, .under normal 
circumstances, enough component sample will remain following compositing to 
allow for a different compositing scheme or even for an analysis of the 
component samples themselves. 

The actual compositing of samples requires the homogenization of all 
component samples to ensure that a representative subsample is aliquoted. The 
homogenization procedure, and the containers and equipment used for 
compositing, will vary according to the type of waste being composited and the 
parameters to be measured. Likewise, the composite sample itself will be 
homogenized prior to the subsampling of analytical aliquots. 
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